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Rationale: The effect of early life wheezing on respiratory function
and continued symptoms through adolescence has not been fully
described. Using data froma population-based birth cohort in Tucson,
Arizona, we previously described four phenotypes based on the
occurrence of wheezing lower respiratory illnesses before age 3 yr
and active wheeze at age 6 yr: never wheezers (n � 425), transient
early wheezers (n � 164), persistent wheezers (n � 113), and late-
onset wheezers (n � 124).
Objective: We sought to determine the prognosis for these pheno-
types, with reference to lung function and symptoms, through
adolescence.
Methods: Current wheeze was assessed by questionnaire, lung func-
tion was measured by conventional spirometry, and atopy was de-
termined by skin prick tests.
Results: The prevalence of atopy and wheeze by age 16 yr was similar
for never and transient wheezers and for persistent and late-onset
wheezers. Both transient early, and persistent wheezers had signifi-
cantly lower FEF25–75 (–259 ml/s, p � 0.001, and –260 ml/s, p �

0.001, respectively), FEV1 (–75 ml, p � 0.02, and –87 ml, p � 0.03,
respectively), and FEV1:FVC ratio (–1.9%, p � 0.002, and –2.5%,
p � 0.001, respectively) through age 16 yr compared with never
wheezers. Late-onset wheezers had levels of lung function similar to
those of never wheezers through age 16 yr. There was no significant
change in lung function among subjects with any of the four pheno-
types, relative to their peers, from age 6 to 16 yr.
Conclusion: Patterns of wheezing prevalence and levels of lung func-
tion are established by age 6 yr and do not appear to change
significantly by age 16 yr in children who start having asthmalike
symptoms during the preschool years.
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Successful strategies for the primary and secondary prevention
of asthma remain elusive. Perhaps one of the most significant
obstacles for further progress in this area has been the lack of
solid data regarding the natural history of the disease. However,
cohorts in which data collection was started at birth or during
the school years have provided important new insights (1). It
now seems established that, in the majority of cases of persistent
asthma, symptoms begin during the preschool years and track
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significantly with age thereafter (2). Moreover, the two longest
ongoing longitudinal studies of asthma, conducted in Australia
(3) and New Zealand (4), have shown that deficits in lung func-
tion are already present by age 9–10 yr among children with
asthma, and that these deficits persist up to mid-adulthood.
These findings clearly point to the toddler years as the time
during which the most important alterations in lung structure
and function may develop in most individuals with persistent
asthma.

In 1995 we reported the results of a follow-up study of chil-
dren enrolled at birth in Tucson, Arizona, and in whom wheezing
and asthma-associated characteristics had been studied up to
the age of 6 yr (5). We have now completed follow-up for these
children up to the age of 16 yr, and report herein their outcomes
both in terms of lung function and respiratory symptoms during
the school years.

Some of the results of these studies have been previously
reported in the form of an abstract (6).

METHODS

Participant Characteristics and Assessment of Wheeze

See the online supplement for detailed methods. Briefly, healthy infants
were enrolled at birth in the Tucson Children’s Respiratory Study in
Tucson, Arizona (n � 1,246) (7, 8). Four phenotypes characterizing
preschool age wheeze were defined according to the presence or absence
of “at least one physician-diagnosed wheezing lower respiratory illness
(LRI) in the first 3 years of life” and at least one episode of “parent-
reported wheeze during the past year for the child at age 6”: no wheeze
from birth to age 6 yr (never wheeze), wheezing LRI before age 3 yr
only (transient early wheeze), wheeze at age 6 yr only (late-onset
wheeze), and wheezing LRI before age 3 yr and wheeze at age 6 yr
(persistent wheeze) (5). Informed consent was obtained from the par-
ents of participants, and the Institutional Review Board of the Univer-
sity of Arizona (Tucson, AZ) approved the study.

The prevalence of wheeze (with and/or without colds) at ages 8, 11,
13, and 16 yr was obtained from a parent-completed questionnaire that
asked whether, and how often during the past year, the child had
wheezed. Current wheeze at each age was categorized as follows: no
wheeze, infrequent wheeze (one to three episodes), or frequent wheeze
(four or more episodes) during the previous year.

Pulmonary Function Tests

Pulmonary function tests were performed at age 11 yr with a custom-
built, pneumotachometer-based system running software on a portable
computer and at age 16 yr with a portable Spirovit SP-1 (Schiller AG,
Baar, Switzerland) (9). Both systems were calibrated with a Jones
syringe. Forced vital capacity (FVC, milliliters), (FEV1, milliliters), and
the forced expiratory flow between 25 and 75% of the FVC (FEF25–75,
milliliters per second) were measured. Concurrent height, weight, and
age were recorded by the study nurses.

Atopy, Medication Use, and Parental Information

Children were skin prick tested for six local aeroallergens at ages 11
and 16 yr (10). Atopy was defined as one or more tests producing a
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wheal size of 3 mm or more. Total serum IgE (international units per
milliliter) and peripheral blood eosinophils (percent) were measured at
ages 11 and 16 yr. Inhaled corticosteroid use was determined from ques-
tionnaires. Parental information obtained at enrollment included eth-
nicity, history of asthma, years of education, age, and current cigarette
smoking. Parents were skin prick tested when their child was age 6 yr.

Statistics

Lung function measures, weight, and height were all approximately
normally distributed at ages 11 and 16 yr. Cross-sectional differences
in lung function between groups were evaluated by analysis of variance
with Bonferroni’s multiple comparison test. The two forced expiratory
flow measures (V̇maxFRC at ages 2.4 mo and 6 yr and FEF25–75 at ages
11 and 16 yr) were converted to z scores to make these measures
comparable (z scores have a mean of 0 and a standard deviation of 1
and describe each child’s position relative to that of other individuals
in the distribution). A random effects model was used to test for differ-
ences in longitudinal lung function measures between the preschool
wheeze phenotypes (11). Proportions were compared with contingency
tables and �2 statistics. General estimating equations were used to assess
the relation between the preschool wheeze phenotypes and longitudinal
wheeze from age 8 to 16 yr (12). A two-sided � level of 0.05 defined
statistical significance. SPSS for Windows version 12.0 (SPSS, Chicago,
IL) and Stata version 8.0 (StataCorp, College Station, TX) were used
for statistical analyses.

RESULTS

Study Flow Chart

The overall study flow chart is summarized in Figure 1. Of the
1,246 children enrolled, 826 had complete information describing
the occurrence of physician-confirmed wheezing lower respiratory
illnesses before age 3 yr and, at age 6 yr, the occurrence of wheez-
ing episodes during the previous year (5). These 826 children were
more likely to belong to families with older, better educated,
nonsmoking, non-Hispanic white parents compared with the chil-
dren with incomplete wheezing information (n � 420) (5). Of

Figure 1. Study flow chart. Definitions of the preschool wheeze pheno-
types were previously published (5) and are defined as follows: no
wheeze from birth to age 6 yr (never wheeze), wheezing lower respira-
tory illness (LRI) before age 3 yr only (transient early wheeze), wheeze
at age 6 yr only (late-onset wheeze), and wheezing LRI before age 3 yr
and wheeze at age 6 yr (persistent wheeze). FEF25–75 � forced expiratory
flow between 25 and 75% of the FVC; V̇maxFRC � maximal expired
flow at functional residual capacity.

these 826 children, 542 had lung function testing at age 11 yr,
426 had testing at age 16 yr, and 373 were tested at both ages.
There were no differences between the 595 children who had
pulmonary function testing and the 231 children who did not
have such testing in terms of frequencies of wheeze and skin test
reactivity at age 6 yr or in terms of parental level of education,
history of asthma, smoking status, or age (see data in Table E1
in the online supplement).

Wheeze, Atopy, and Total Serum IgE

The prevalence of wheeze during the previous year at ages 8,
11, 13, and 16 yr for each of the preschool wheeze phenotypes
is shown in Figure 2. More than 75% of never and transient
early wheezers reported no wheezing between ages 8 and 16 yr;
among the small proportion of children in these groups who
reported wheezing, most had infrequent episodes. We used a
longitudinal model (general estimating equations) to evaluate
the risk for wheezing symptoms from age 8 to 16 yr in the
preschool wheeze phenotypes. Both late-onset and persistent
wheezers were significantly more likely to continue wheezing
compared with never wheezers (late-onset wheeze relative risk,
3.12 [95% confidence interval, 2.5–3.9], p � 0.001; and persistent
wheeze relative risk, 3.8 [95% confidence interval, 3.1–4.7], p �
0.001). The risk for subsequent wheeze was not significantly
higher for transient early wheezers compared with never
wheezers (relative risk, 1.28 [95% confidence interval, 0.97–1.70],
p � 0.09). In addition, at ages 8 and 11 yr, a slightly higher propor-
tion of persistent wheezers was symptomatic than late-onset
wheezers (67.5 vs. 53.6% at age 8 yr [p � 0.07] and 63.6 vs. 46.7%
at age 11 yr [p � 0.01], respectively). However, no significant
difference in the prevalence of wheeze was observed at ages 13
and 16 yr between persistent and late-onset wheezers (54.4 vs.
51.9% at age 13 yr [p � 0.8] and 50.0 vs. 46.9% at age 16 yr
[p � 0.7], respectively). At age 16 yr, 86% of the children with
frequent wheeze and 61% of the children with infrequent wheeze
during the previous year had received a diagnosis of asthma at
some time during their life.

The prevalence of skin test reactivity and total serum IgE
levels at ages 11 and 16 yr for the preschool wheeze phenotypes
are shown in Table 1. As previously reported (5), persistent and
late-onset wheezers were more atopic and had higher IgE levels
compared with never wheezers at age 6 yr (data not shown). At
ages 11 and 16 yr, persistent and late-onset wheezers continued
to be more atopic than never and transient early wheezers. Late-
onset and persistent wheezers also had higher total serum IgE
levels at age 11 yr compared with never wheezers (Table 1).

Taken together, these results suggest that wheezing at age 6 yr,
regardless of whether the children wheezed previously, is associ-
ated with continued wheezing symptoms through age 16 yr and
that the increased prevalence of atopy, present in persistent and
late-onset wheezers at age 6 yr, continues through adolescence.

Lung Function at Ages 11 and 16 yr for the Preschool
Wheeze Phenotypes

Cross-sectional relationships between preschool wheeze pheno-
types and lung function at ages 11 and 16 yr are presented in
Table E2. We used a random effects model to examine the
association between preschool wheezing and longitudinal lung
function because this model adjusts for the serial correlation
between paired lung function values at ages 11 and 16 yr and
allows for the inclusion of data from participants whose lung
function was measured only once (at age 11 or 16 yr). Height,
weight, age, and current wheeze were included in the models as
time-dependent covariates; sex and preschool wheeze phenotypes
were included as fixed covariates. In this longitudinal analysis,
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Figure 2. Prevalence of infre-
quent and frequent wheeze at
ages 8, 11, 13, and 16 yr for
the preschool wheeze pheno-
types. The preschool wheeze
phenotypes were defined as
follows: no wheeze from birth
to age 6 yr (never wheeze,
NW), wheezing LRI before age
3 yr only (transient early
wheeze, TEW), wheeze at age
6 yr only (late-onset wheeze,
LOW), and wheezing LRI be-
fore age 3 yr and wheeze at
age 6 yr (persistent wheeze,
PW). Group sample sizes at
each age are listed below the
acronyms.

both transient early and persistent wheezers had significantly
lower FEF25–75, FEV1, and FEV1:FVC ratio at ages 11 and 16 yr
compared with never wheezers (Table 2). There were no significant
deficits in lung function associated with late-onset wheeze. Current
frequent wheeze was also associated with deficits in FEF25–75,
FEV1, and FEV1:FVC ratio compared with those children who
did not wheeze during the previous year (Table 2).

Several covariates were added to the basic random effects
models presented in Table 2 to adjust for factors potentially
related to lung function and/or preschool wheeze. Neither blood
eosinophils nor skin test reactivity, total serum IgE, or ethnicity
modified the relations under study. Likewise, parental factors
(education, age, smoking at enrollment, skin test reactivity, and
asthma) had no significant effect on the relationship between
preschool wheeze and lung function. Only 6.7% of the wheezers
at age 11 yr and 3.3% of the wheezers at age 16 yr had used
inhaled corticosteroids frequently or daily during the previous
year and this use did not significantly modify the associations
under study (see Table E3 for details concerning steroid use).
At age 16 yr, 10.7% of participants described themselves as active
smokers and the prevalence of smoking was similar between

TABLE 1. SKIN TEST REACTIVITY AND TOTAL SERUM IgE LEVELS AT AGES 11 AND 16 yr FOR PRESCHOOL WHEEZE
PHENOTYPES

Skin Test Reactivity† Total Serum IgE (IU/ml)¶

Age 11 yr Age 16 yr Age 11 yr Age 16 yr

Preschool Wheeze Phenotype* n % Pos (95% CI) n % Pos (95% CI) n GM (95% CI) n GM (95% CI)

Never wheeze 299 51.2 (45–57) 228 68.4 (62–74) 252 45 (35–57) 168 63 (49–83)
Transient early wheeze 126 51.6 (43–61) 96 62.5 (52–72) 114 56 (42–78) 74 58 (40–83)
Late-onset wheeze 97 64.9 (55–74)‡§ 75 78.7 (68–87)§ 83 109 (74–158)** 61 96 (66–138)
Persistent wheeze 87 63.2 (52–73)‡ 62 85.5 (74–93)‡§ 73 93 (59–148)** 49 83 (51–132)
p Value 0.04|| 0.006|| 0.001†† 0.2††

Definition of abbreviations: CI � confidence interval; GM � geometric mean; Pos � positive.
* Preschool wheeze phenotypes were defined as follows: no wheeze from birth to age 6 yr (never wheeze), wheezing LRI before age 3 yr only (transient early wheeze),

wheeze at age 6 yr only (late-onset wheeze), and wheezing LRI before age 3 yr and wheeze at age 6 yr (persistent wheeze).
† Skin test positive (Pos) was defined as at least one positive skin test (wheal, � 3 mm sum of the orthogonal diameters) to any of the six local aeroallergens tested.
‡ p � 0.05 compared with never wheezers by Pearson 2 � 2 �2 analysis.
§ p � 0.05 compared with transient early wheezers by Pearson 2 � 2 �2 analysis.
|| p Value based on Pearson �2 statistic with 3 degrees of freedom.
¶ Total serum IgE was normally distributed after log base 10 transformation; geometric means and 95% confidence intervals are presented as international units per

milliliter.
** p � 0.05 compared with never wheezers by Bonferroni’s multiple comparison test.
†† p Value based on one-way analysis of variance.

the preschool wheeze phenotypes. Taken together, these results
suggest that transient wheezers and persistent wheezers have
decreased lung function at ages 11 and 16 yr even after adjusting
for relevant covariates and current wheeze at these ages.

Forced Expiratory Flows from Age 6 to 16 Yr for the
Preschool Wheeze Phenotypes

Tracking of forced expiratory flows among children with the vari-
ous preschool wheezing phenotypes is shown cross-sectionally
from age 2.4 mo to age 16 yr in Figure 3. As reported previously
for a subset of this population (n � 125), persistent wheezers
had flows that were slightly lower but not significantly different
from those of never wheezers at age 2.4 mo, whereas transient
early wheezers had significantly diminished flows at that age (5).
By age 6 yr, both these groups had significantly lower flows than
never wheezers, whereas late-onset wheezers had flows that were
not significantly different from those of never wheezers (5).
Diminished flows were still present at ages 11 and 16 yr for
persistent wheezers; however, there did not appear to be any
further decline with age relative to their peers. Transient early
wheezers did not change their position, relative to their peers,
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TABLE 2. LONGITUDINAL RANDOM EFFECTS MODELS OF LUNG FUNCTION AT AGES 11 AND 16 yr FOR PRESCHOOL
WHEEZE PHENOTYPES, CURRENT WHEEZE, AND SEX*

FEF25–75 (ml/s) FEV1 (ml) FEV1:FVC Ratio (% )

Coefficient§ (95% CI) p Value Coefficient§ (95% CI) p Value Coefficient§ (95% CI) p Value

Preschool wheeze phenotype†

Never wheeze Ref — Ref — Ref —
Transient early wheeze �259 (–392 to –127) � 0.001 �75 (–139 to –11) 0.02 �1.9 (–3.1 to –0.7) 0.002
Late-onset wheeze �99 (–248 to 50) 0.2 �23 (–95 to 49) 0.5 �0.8 (–2.2 to 0.5) 0.2
Persistent wheeze �260 (–419 to –101) 0.001 �87 (–164 to –9.4) 0.03 �2.5 (–3.9 to –1.0) 0.001

Current wheeze‡

No wheeze Ref — Ref — Ref —
Infrequent �69 (–171 to 34) 0.2 �66 (–120 to –12) 0.02 0.03 (–0.9 to 0.9) 0.9
Frequent �341 (–492 to –191) � 0.001 �136 (–215 to –58) 0.001 �2.8 (–4.1 to –1.5) � 0.001

Sex
Male Ref Ref Ref
Female 24 (–79 to 128) 0.6 �153 (–204 to –103) � 0.001 2.1 (1.2 to 3.0) � 0.001

Definition of abbreviations: CI � confidence interval; FEF25–75 � forced expiratory flow between 25 and 75% of the FVC; Ref � reference.
* Adjusted for height, weight, and age. Time-dependent covariates included in the model were height (cm), weight (kg), age (yr), and current wheeze. Preschool

wheeze phenotypes and sex were included as fixed covariates. For the models, the number of observations was 955, the number of groups was 591, and the average
number of observations per group was 1.6 (minimum, 1; maximum, 2).

† Preschool wheeze phenotypes were defined as follows: no wheeze from birth to age 6 yr (never wheeze), wheezing lower respiratory illness (LRI) before age 3 yr
only (transient early wheeze), wheeze at age 6 yr only (late-onset wheeze), and wheezing LRI before age 3 yr and wheeze at age 6 yr (persistent wheeze).

‡ Infrequent wheeze was defined as one to three episodes of wheeze during the previous year and frequent wheeze was defined as four or more episodes of wheeze
during the previous year.

§ Model-based coefficients represent deviations from the reference group; for example, persistent wheezers had a predicted FEF25–75 that was –259 ml/s lower than
that of never wheezers and, if they were also frequent wheezers, these children had a predicted FEF25–75 that was –341 ml/s lower than that of children with no wheeze
during the previous year, for an estimated total deficit of –600 ml/s.

from age 6 to 16 yr. Late-onset wheezers showed slightly, but not
significantly, diminished flows as compared with never wheezers,
and their position, relative to their peers, did not change with
age.

These apparent trends were tested statistically using a longitu-
dinal random effects model for flow at ages 6, 11, and 16 yr with
height, weight, and age as time-dependent covariates, and sex
and the preschool wheeze phenotypes as fixed covariates. Be-
cause current wheeze at age 6 yr was part of the definition of
the preschool wheeze phenotypes, current wheeze at ages 11
and 16 yr was included in the model as a fixed covariate as
described in Table 3. In addition, because infrequent wheeze
was not significant in the longitudinal models for flow at ages
11 and 16 yr (Table 2), infrequent wheeze was combined with
the no-wheeze group. Transient early and persistent wheezers
had significantly lower flows at ages 6, 11, and 16 yr compared
with never wheezers (Table 3). Flows observed for persistent
wheezers were also significantly lower than those for late-onset
wheezers (z score difference of –0.27 [95% confidence interval,
0.04–0.51], p � 0.02). As with the cross-sectional analyses, late-
onset wheezers had flows that were not significantly different
from those of never wheezers. Finally, an interaction term for
the preschool wheeze phenotypes and age was tested in the
model and was not significant for any of the phenotypes (p �
0.5 for transient early, p � 0.9 for late-onset, and p � 0.6 for
persistent wheezers), indicating no significant change in lung
function from age 6 to 16 yr for the preschool wheeze phenotypes
relative to their peers.

DISCUSSION

In this study, we report for the first time the lung function and
wheezing outcomes during the school years of a large group of
unselected children in whom wheeze was prospectively ascer-
tained from birth.

This study shows that transient early wheezers, the rather
large group of children who wheezed during early life but who

were not wheezing at age 6 yr, were as unlikely to wheeze at
any age thereafter as children who never wheezed in the first
6 years of life. As reported elsewhere (5), transient early wheezers
start life with levels of lung function that are significantly lower
than those of children who had no wheezing episodes during
the first 6 years of life. We now confirm that these children
continue to have lower levels of lung function at the ages of 11
and 16 yr and that, relative to their peers, their levels of lung
function remain stable during the school years. It is now estab-
lished that individuals who enter adult life with lung function
deficits are more likely to develop chronic obstructive pulmonary
disease during the late adult years, especially if they had lower
respiratory illnesses in early life (13). Whether transient early
wheezers are also predisposed to chronic obstructive pulmonary
disease is at present unknown.

Forced expiratory flows were significantly lower among per-
sistent wheezers as compared with late-onset wheezers. More-
over, the levels of flows were remarkably stable, relative to those
of their peers, both for persistent and late-onset wheezers. Our
results, therefore, suggest that the deficits in lung function ob-
served in children with asthma are not the consequence of their
ongoing disease process during the school years, but are already
present by the age of 6 yr. These results support the findings of
the Childhood Asthma Management Program study (14), which
showed that school children with asthma had relatively stable
levels of lung function during a 4- to 6-yr follow-up, even when
they were not treated with inhaled antiinflammatory medication.
We did not observe an effect of inhaled steroid use on lung
function; however, only a small percentage of children who
wheezed at age 11 and/or 16 yr reported use of this medication
and we did not characterize dose or duration, thus limiting the
applicability of this negative finding. Our results are also concor-
dant with those of two extensive prospective studies in which
children were enrolled during the school years and in which
follow-up for lung function was continued up to the late 20s
and early 40s, respectively (3, 4). In those studies, no further
deterioration in lung function was observed after the early school
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Figure 3. Cross-sectional z scores of height-adjusted maximal expir-
atory flows at ages 2.4 mo and 6, 11, and 16 yr for the preschool
wheeze phenotypes. The preschool wheeze phenotypes were defined
as follows: no wheeze from birth to age 6 yr (never wheeze), wheezing
LRI before age 3 yr only (transient early wheeze), wheeze at age 6 yr
only (late-onset wheeze), and wheezing LRI before age 3 yr and wheeze
at age 6 yr (persistent wheeze). One-way analysis of variance with
Bonferroni’s multiple comparison test was used to assess differences
between groups. Sample sizes for each of the preschool wheeze pheno-
types (never wheeze, transient early wheeze, late-onset wheeze, and
persistent wheeze) were as follows: at 2.4 mo, n � 67, 21, 21, and 16;
at age 6 yr, n � 260, 104, 81, and 81; at age 11 yr, n � 266, 113,
84, and 78; and at age 16 yr, n � 206, 91, 69, and 56, respectively.
*p � 0.001 compared with never wheeze; †p � 0.03 compared with
never wheeze; ‡p � 0.002 compared with never wheeze; 	p � 0.02
compared with never wheeze.

years, regardless of the severity of asthma symptoms and of type
of asthma therapy during the follow-up.

Our results suggest that there are at least two mechanisms
that determine lower levels of lung function in early childhood.
One mechanism, observed in transient early wheezers, appears
to be present in the first 3 months of life and is unrelated to
the likelihood of wheezing during the school years. A different
mechanism may be present in persistent wheezers, given their
different prognoses. We (5, 15, 16) and others (17–19) have
reported that children with persistent wheeze are more likely
than transient early wheezers to have high serum IgE levels,
eosinophilia, and skin test reactivity to local aeroallergens. Lowe
and coworkers (20) showed that, regardless of the development
of early respiratory symptoms, children with a strong family
history of asthma who had become sensitized to local allergens
had significantly lower specific airway conductance at age 3 yr
compared with nonsensitized children. It is thus tempting to
speculate that the early development of allergic immune re-
sponses in the airways may facilitate a process of physiologic
remodeling occurring at a time of fast lung and airway growth.
Therefore, unlike the initial reductions in lung function present
in transient early wheezers, the changes observed in persistent
wheezers could be acquired during the first 3 years of life. These
results appear to be contradictory to those reported by Turner
and coworkers (21). They found that children who wheezed at
age 6 yr, and who were still wheezing at age 11 yr, had lower
levels of lung function shortly after birth than did children who
did not wheeze up to age 11 yr. However, our interest was to
determine the long-term outcomes of the preschool wheezing
phenotypes we described 10 years ago, and not to assess retro-

TABLE 3. LONGITUDINAL RANDOM EFFECTS MODEL FOR
z SCORES OF FORCED EXPIRATORY FLOWS AT AGES 6, 11,
AND 16 yr FOR PRESCHOOL WHEEZE PHENOTYPES,
FREQUENT WHEEZE AT AGES 11 AND 16 yr, AND SEX*

z Score of Flow

Coefficient§ (95% CI) p Value

Preschool wheeze phenotype†

Never wheeze Ref —
Transient early wheeze �0.35 (–0.52 to –0.18) � 0.001
Late-onset wheeze �0.12 (–0.31 to 0.07) 0.2
Persistent wheeze �0.40 (–0.60 to –0.20) � 0.001

Current frequent wheeze‡

11–16– Ref —
11
16– �0.15 (–0.44 to 0.15) 0.3
11–16
 �0.52 (–0.89 to –0.15) 0.006
11
16
 �0.61 (–0.99 to –0.23) 0.002
Missing wheeze information �0.10 (–0.27 to 0.06) 0.2

Sex
Male Ref
Female 0.05 (–0.08 to 0.18) 0.5

Definition of abbreviations: CI � confidence interval; Ref � reference.
* Adjusted for height, weight, and age. Time-dependent covariates included in

the model were height (cm), weight (kg), and age (yr). Fixed covariates included
in the model were the preschool wheeze phenotypes, sex, and frequent wheeze.
For the model, the number of observations was 1,489, the number of groups was
679, and the average number of observations per group was 2.2 (minimum, 1;
maximum, 3).

† Preschool wheeze phenotypes were defined as follows: no wheeze from birth
to age 6 yr (never wheeze), wheezing lower respiratory infection (LRI) before age
3 yr only (transient early wheeze), wheeze at age 6 yr only (late-onset wheeze),
and wheezing LRI before age 3 yr and wheeze at age 6 yr (persistent wheeze).

‡ Current frequent wheeze (four or more episodes of wheeze during the previous
year) at ages 11 and 16 yr was defined as: no frequent wheeze at either age
(11–16–), frequent wheeze at age 11 yr (11
16�), frequent wheeze at age 16 yr
(11�16
), and frequent wheeze at both ages (11
16
); children with infrequent
wheeze (one to three episodes of wheeze during the previous year) were combined
with the no-wheeze group and children with missing wheeze information were
included in the model as a separate wheeze category.

§ Coefficients represent deviations from the reference group in z scores (standard
deviation units).

spectively the association between different wheezing pheno-
types during the school years and lung function in early life.
In addition, in the Australian study, early wheeze was parent
reported and not ascertained by a physician, as in our study.

Late-onset wheezers started life with levels of lung function
that were similar to those of persistent wheezers but did not
show the same deficits in lung function observed in the latter
group thereafter. This difference in lung function for two groups
of children who are equally likely to wheeze during the school
years may have important implications for their prognosis into
adult life. In a Dutch study of children with asthma, lung function
during childhood was strongly associated with the likelihood of
having bronchial hyperresponsiveness, lower lung function, and
persistent asthma symptoms by the age of 42 yr (22–24). There-
fore, the long-term prognosis of wheezing during childhood may
be different for children whose symptoms start before age 3 yr
than for those whose symptoms start after that age.

Because of the long duration of this study and the require-
ment for paired data from the first 3 years of life and at age 6 yr,
along with data at 11 or 16 yr, approximately one-third of the
initially enrolled children were not included in the analysis. How-
ever, as noted in Table E1, there were no differences in preschool
wheeze phenotype or wheezing at age 11 or 16 yr between the
children included and those excluded because of incomplete
data. Those included in the analysis were more likely to belong to
families with older, better educated, nonsmoking, non-Hispanic
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white parents; however, it is unlikely that these differences led
to systematic bias in the outcomes analyzed.

In summary, our study strongly suggests that both lung func-
tion characteristics in early infancy and events occurring during
the first 6 years of life determine the expression of asthma and
the level of lung function that will be achieved during childhood
and into early adult life. Identifying the environmental and ge-
netic factors that influence these processes will be decisive for
the prevention of asthma and chronic airway obstruction.
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