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Peak flow variability, methacholine
responsiveness and atopy as markers for
detecting different wheezing phenotypes in
childhood

Renato T Stein, Catharine J Holberg, Wayne J Morgan, Anne L Wright,
Enrico Lombardi, Lynn Taussig, Fernando D Martinez

Abstract wheeze/asthma” associated with per-
sistent wheezing at any age and withBackground – There is increasing evidence
methacholine hyperresponsiveness, peakthat wheezing during childhood may be a
flow variability, and markers of atopy.heterogeneous condition, and that differ-
(Thorax 1997;52:946–952)ent forms of wheezing may be associated

with different risk factors and prognosis.
Keywords: methacholine, peak flow, atopy, wheezing,The aim of this study was to determine if children.

measures of airway lability and of atopy
could identify distinct wheezing pheno-

There is increasing evidence to suggest thattypes during childhood.
wheezing in childhood may represent a hetero-Methods – In a cohort of children followed
geneous condition, with distinct phenotypicfrom birth peak flow variability (n=600)
expressions associated with different clinicalwas evaluated and methacholine challenge
manifestations and risk factors.1 We recentlyresponsiveness (n=397) was measured at
reported, for example, that at least two differentage 11 in relation to wheezing before the
wheezing syndromes coexist in infants andage of three, and at age six and 11 years
young children2: wheezing which is associatedtotal serum IgE and skin test reactivity to
with lower levels of lung function at birth andallergens were determined.
with a high probability of remission before sixResults – Neither positive peak flow
years of age and wheezing associated with thevariability nor methacholine hyper-
classical risk factors for asthma and persistenceresponsiveness measured at age 11 were
of symptoms at the age of six. Although aassociated with wheezing occurring only
strong correlation between bronchial hyper-during the first three years of life. Both
responsiveness and frequency and severity ofmethacholine hyperresponsiveness and
wheezing is known to exist among childrenpositive peak flow variability were as-
aged 8–15 years,3–7 no such correlation wassociated with wheezing at both ages six
recently found among children aged 4–5 years8

and 11 (OR 5.1 (95% CI 2.4 to 10.6) and
which suggests that wheezing during the tod-2.3 (1.2 to 4.5), respectively). In addition,
dler years may be different phenotypically frompositive peak flow variability was as-
wheezing in older children.sociated with wheezing up to the age of six

Both methacholine responsiveness and peakbut not at age 11 in non-atopic children
flow variability have been used to assess airway(OR 2.9 (95% CI 1.0 to 8.8)). Methacholine
lability in children of different ages. Althoughhyperresponsiveness measured at age 11
the association between methacholine hyper-was more frequently observed in boys (OR
responsiveness and markers of atopy has been2.1 (95% CI 1.2 to 3.5)) and was strongly
well established9–11 there is little informationassociated with serum IgE levels measured
on the alterations in the airway responsible forat ages six and 11 (p<0.001) and with posi-
increased peak flow variability as assessed bytive skin test reactivity (OR 4.5 (95% CI
the use of peak flow meters.12–14 Recent re-Respiratory Sciences 2.0 to 10.1)). Peak flow variability was un-

Center, The University ports13–16 suggest that peak flow variability andrelated to sex or markers of atopy (IgEof Arizona, Tucson, measures of bronchial responsiveness to phar-Arizona AZ 85724, and skin test reactivity).
macological agents probably yield informationUSA Conclusions – Methacholine re-

R T Stein on different but related phenomena.sponsiveness and peak flow variability as-C J Holberg The aim of our study was to assess the
W J Morgan sessed at age 11, together with markers

relation of two indices of airway lability – peakA L Wright, of atopy (IgE and skin test reactivity to
E Lombardi flow variability and the methacholine dose-allergens) identify three different wheez-L Taussig response slope – measured at the age of 11ing phenotypes in childhood: “transientF D Martinez years to wheeze at different ages (<3, 6, andearly wheezing” limited to the first threeCorrespondence to: 11 years) and to markers of atopy in a large
Dr F D Martinez. years of life and unrelated to increased population sample followed from birth.airway lability; “non-atopic wheezing” ofReceived 19 July 1996
Returned to authors the toddler and early school years as-7 October 1996

sociated with positive peak flow variabilityRevised version received Methods
14 July 1997 but not with methacholine hyper- Participants in the study were enrolled as new-Accepted for publication
16 July 1997 responsiveness; and “IgE-associated born infants between May 1980 and October
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Wheezing phenotypes in children 947

1984 as part of the Tucson Children’s Res- least one PEF value exceeding 30% of the daily
mean.12 20 Results using this 30% amplitudepiratory Study (CRS).17 A total of 1246 chil-

dren were initially enrolled. Details on data index were not different from those obtained
using the Amp%mean and for this reason onlycollection and procedures are presented

elsewhere.17 18 the latter results are presented here.
Because at the time the study was designedDuring the first three years of life parents

were instructed to see their paediatricians there were concerns regarding parental ac-
ceptability and safety of the methacholine chal-whenever their children presented with signs

or symptoms of lower respiratory tract illness. lenge for symptomatic patients, children who
had used asthma medications in the previousWhen children reached a mean (SD) age of

6.3 (0.9) years (“age 6”, n=1024) and 10.9 three months were excluded from methacholine
testing. Children who had had an upper res-(0.6) years (“age 11”, n=956) the parents

completed questionnaires regarding their chil- piratory infection in the previous four weeks or
a lower respiratory infection in the previousdren’s respiratory symptoms. For both the age

6 and age 11 surveys wheeze was defined as six weeks, those with cardiac problems, other
systemic diseases, or with reactions such asparental reporting of any wheezing episode in

the previous 12 months, regardless of a dia- severe headaches were also excluded. Chal-
lenges were performed using the protocol de-gnosis of asthma. To assess the association of

measurements of airway lability with persistent scribed by Yan et al 21 with nebulised cumulative
doses of methacholine ranging from 0.004 toor remitting wheezing, subjects were classified

according to their wheezing status at ages <3 2.048 mg.
Results for methacholine challenge were ex-and 6 years and then at ages 6 and 11 years.

The study was approved by the Human Sub- pressed as the methacholine-DRS. The end
point was defined as a 20% fall in forced ex-jects Committee at the University of Arizona.

Parents signed separate consent forms for the piratory volume in one second (FEV1) from
baseline or FEV1 at the final cumulative doseinitial enrolment of the infants and for other

studies described in this paper. of 2.048 mg. The response was calculated as
the two point slope between baseline and end
point FEV1 per log dose9:

    
  methacholine-DRS=
A total of 754 children were still living in
Tucson at the time of the age 11 survey. Of (last FEV1− baseline FEV1)

log last dosethese, a total of 676 children took home peak
flow meters to measure peak flow (PEF) three
times daily for one week. Children and their

We defined bronchial hyperresponsivenessparents were trained by study nurses on the
as methacholine-DRS values below the 10thuse of the PEF meter. Subjects were asked to
percentile of the methacholine-DRS dis-record on a diary the best of three attempts
tribution for a healthy reference subgroup (asafter waking up in the morning, when they
defined for the PEF group, n=100). Thecame home from school in the afternoon, and
methacholine response was also determined bybefore going to bed at night. To assess the
the PD20, as described previously.22 Results“learning effect” on PEF measurements we
using PD20 were not different from those of thetested Cochran’s Q19 using all three sessions
methacholine-DRS index and therefore will notfor the seven day period. Only measures from
be presented in this paper.the first morning of the study were found to

be lacking homogeneity with the rest of the
week’s values and were thus eliminated from
the analysis. Only children who recorded PEF

    measurements at least twice per day (after elim-
Skin prick tests were performed using extractsination of measures from the first morning of
of common allergens in the Tucson area. Atthe study) for at least 4 days were included in
six years of age house dust, bermuda grass,the analysis.16

olive, careless weed, alternaria, mesquite, andThe amplitude percent mean (Amp%mean)
mulberry were used and at age 11 Derma-was chosen as the peak flow variability index15 19

tophagoides farinae and cat dander were addedand defined as:
(allergens provided by Holister-Stier Laborat-
ories, Everett, Washington, USA). Skin testAmp%mean=
positive subjects were defined as those whoR (maximum daily PEF – minimum daily PEF)/mean daily PEF

number of days in the period
×100 had at least one positive reaction (weal size

measuring 3 mm or more after subtraction of
the control value) in either of the two surveysPositive peak flow variability was considered

to be present in subjects with Amp%mean in which they were performed.
Blood for serum IgE analysis was obtainedvalues above the 90th percentile for a healthy

reference subgroup (subjects who were skin at birth from the umbilical cord, at a median
age of 9.3 months (the “9 month” sample),test negative, had never wheezed, nor had been

diagnosed as having asthma, n=136). To val- and again at ages 6 and 11. Total serum IgE
levels were measured with paper radioimmuno-idate the Amp%mean variable and cut off level

better we also assessed an index of PEF vari- sorbent test (Pharmacia Diagnostics, Piscat-
away, New Jersey, USA).23ability that considers “labile” subjects with at
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948 Stein, Holberg, Morgan, Wright, Lombardi, Taussig, et al

for peak flow variability or for methacholine-Table 1 Characteristics at the age 11 survey of subjects who performed peak expiratory
flow (PEF), of those who performed methacholine challenge, and of subjhects with no DRS. There were no significant differences
tests (reference group) in sex distribution, height, maternal level of

PEF Methacholine No tests education, maternal history of asthma or
(n=600) (n=397) (n=303) wheezing with lower respiratory tract infections

Age (years) 10.8∗∗ 10.7∗∗∗ 11.2 in the first three years of life for children with
Sex (male) 48% 48.2% 48.0% valid methacholine challenge and peak flowMaternal asthma 12.8% 8.6% 12.8%
Wheeze with LRIs (age Ζ3) 39.8% 36.6% 37.2% variability tests compared with children who
Wheeze (age 11) 27.8% 19.9%∗ 25% did not perform any of the tests (table 1). TheMean (SE) baseline FEV1(l/s) 2.18 (3.4) 2.18 (3.3) †
Skin test positive 63.0% 65.1% † prevalence of wheezing at 11 years of age was

significantly lower in the methacholine group∗∗∗ pΖ0.001; ∗∗ pΖ0.01;∗ pΖ0.05.
Groups of children who did PEF and methacholine tests are not exclusive. Statistical differences than in the group that underwent no tests,
were calculated between PEF and methacholine groups in relation to the no tests group. Data probably because of the exclusion of childrenwere missing for certain characteristics in some children.
† A very small number of subjects were tested in this group (27 with FEV1 and 79 with skin requiring asthma medication in the previous
tests), and thus comparisons may not be meaningful. three months from the methacholine group.

Baseline FEV1 at age 11 was similar for children
who performed either PEF or methacholine

  challenge tests. The children in the group that
Contingency tables and the v2 distribution were performed no tests were slightly older. There
used for bivariate analysis and logistic re- were 711 children who had allergy skin tests in
gression for multivariate evaluation of di- both surveys, 68% of whom had at least one
chotomous outcome data. The 95% confidence positive skin test.
intervals (CI) for odds ratios were calculated
with standard algorithms. The continuous dis-
tribution of IgE levels at each survey was cate-

%  -  gorised in quartiles and assessed for relation
with Amp%mean and methacholine-DRS
Subjects were classified as having positive peakusing a v2 for trend test. Statistical significance
flow variability if Amp%mean values werewas defined by a two-sided alpha level of 0.05.
greater than or equal to the cut off value of
16.6% (the 90th percentile for the healthy ref-
erence population sample). Among childrenResults
who performed methacholine challenge, those 
who had a coefficient less than or equal toOf the 655 children contacted for methacholine
−0.403 ml/log dose unit represented the lowertesting, 213 were excluded (78 because of the
10th percentile and were thus defined as havinguse of asthma medications in the previous three
methacholine hyperresponsiveness.months, 93 because they refused or missed the

appointment, and 42 because of infections of
the upper or lower respiratory tracts in the
previous weeks, headaches, congenital prob-   

   lems, or other associated diseases) and 45 had
poor test performance, leaving 397 subjects     11   

 ,   ,  with valid tests. Of the 676 children who were
sent home with PEF meters, diaries were re- Bivariate analysis (table 2) showed that children

who had positive peak flow variability at agecovered from 664, of which 64 had inadequate
or insufficient data. A total of 350 children had 11 were almost twice as likely to have wheezed

at age <3 compared with children who did notboth valid PEF measures and methacholine
challenge tests; 303 children had no data either wheeze at that age (odds ratio (OR) 1.9 (95%

Table 2 Association† of methacholine hyperresponsiveness and peak flow variability at age 11 to wheezing at different
times, allergy skin tests, and sex (univariate analysis)

Methacholine positive Peak flow variability positive

n % OR (95% Cl) n % OR (95% Cl)

Wheeze Ζ3 yr
Yes 126 27.8 1.1 (0.6 to 1.7) 192 14.1 1.9 (1.1 to 3.3)∗
No 218 26.6 322 8.1

Wheeze age 6
Yes 83 32.5 1.6 (0.9 to 2.6) 163 15.3 2.0 (1.1 to 3.4)∗∗
No 312 23.4 427 8.3

Wheeze age 11
Yes 78 51.3 4.4 (2.6 to 7.4)∗∗∗ 166 13.9 1.6 (0.9 to 2.8)
No 314 19.4 431 9.0

Skin test
(+) 244 34.0 4.3 (2.4 to 7.8)∗∗∗ 372 9.7 0.9 (0.5 to 1.6)
(−) 141 10.6 199 10.6

Sex
Male 192 33.9 2.3 (1.4 to 3.7)∗∗∗ 286 11.2 1.2 (0.7 to 2.0)
Female 204 18.1 313 9.6

URIs††
Yes — — — 57 17.5 2.1 (1.0 to 4.5)∗
No — — — 479 9.0

∗∗∗ pΖ0.001; ∗∗ pΖ0.01; ∗ pΖ0.05.
† OR (odds ratio) and 95% CI (95% confidence interval).
†† URIs=upper respiratory infections at age 11; subjects with URIs were excluded from methacholine challenge.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.11.946 on 1 N

ovem
ber 1997. D

ow
nloaded from

 

http://thorax.bmj.com/


Wheezing phenotypes in children 949

dependent variables, showed that only wheez-Table 3 Association† of methacholine hyperresponsiveness and peak flow variability at
age 11 to wheezing at different times, allergy skin tests, and sex (multivariate logistic ing at age 6 was a significant and independent
regression analysis) predictor associated with positive peak flow

Methacholine positive Peak flow variability variability (OR 2.1 (95% CI 1.0 to 4.1),
(OR 95% Ci)† (OR 95% CI)† p<0.05) after adjusting for wheezing at other

Wheeze Ζ3 yr 1.1 (0.6 to 1.9) 1.6 (0.9 to 2.9) times, skin test response, sex, and upper res-
Wheeze age 6 0.9 (0.5 to 1.7) 2.1 (1.0 to 4.1)∗ piratory tract infections. At age 11 upper res-Wheeze age 11 3.2 (1.7 to 5.9)∗∗∗ 1.1 (0.5 to 2.4)
Positive skin test 3.0 (1.6 to 5.6)∗∗∗ 0.8 (0.4 to 1.5) piratory tract infections were not shown to be
Sex (male) 2.1 (1.2 to 3.5)∗∗ 1.0 (0.6 to 2.0) independently associated with positive peakURIs†† – 0.9 (0.8 to 1.0)

flow variability (table 3). In contrast, metha-
∗∗∗ pΖ0.001; ∗∗ pΖ0.01; ∗ pΖ0.05. choline hyperresponsiveness at age 11 was as-† OR (odds ratio) and 95% CI (95% confidence interval).
†† URIs=upper resoiratory infections at age 11; subjects with URIs were excluded from metha- sociated with wheezing at age 11 (OR 3.2 (95%
choline challenge. CI 1.7 to 5.9), p<0.001), positive skin test

results (OR 3.0 (95% CI 1.6 to 5.6), p<0.001),
and with the male sex (OR 2.1 (95% CI 1.2
to 3.5), p<0.05). Methacholine hyper-CI 1.1 to 3.3), p<0.05). There was also a
responsiveness at age 11 showed no associationsignificant association between positive peak
with wheeze at ages <3 or 6 years.flow variability and wheeze at age 6 (OR 2.0

(95% CI 1.1 to 3.4), p<0.01) but not with
wheeze at age 11. Fifty seven children among
those who performed PEF tests at age 11 had
upper respiratory tract infections in the pre-   

   vious four weeks (there were no children with
lower respiratory tract infections among those     11  

   3  6who performed PEF tests). Children with
upper respiratory tract infection at the time of Children were assigned to four groups ac-

cording to their wheezing status during the firstthe age 11 survey had a significantly higher
prevalence of positive peak flow variability at six years of life (table 4), as described in our

previous study.2 Neither positive peak flow vari-that age (OR 2.1 (95% CI 1.0 to 4.5), p<0.05)
than those without upper respiratory tract in- ability nor methacholine hyperresponsiveness

at age 11 were associated with “transient earlyfections. Neither sex nor positive skin tests
to allergens were associated with peak flow wheezing” – that is, wheezing during the first

three years of life but no wheezing at six yearsvariability. In contrast, positive methacholine
was associated with wheeze at age 11 (OR 4.4 of age. Positive peak flow variability at age 11

years was significantly associated with wheezing(95% CI 2.6 to 7.4), p<0.001) but not with
wheeze at ages 6 or <3 years. There was also at age 6 (skin test negative subjects who

wheezed at age 6 but not at age 3 (OR 3.3a fourfold increased risk of being methacholine
positive for skin test positive subjects compared (95% CI 1.0 to 12.5), p<0.05), and skin test

positive subjects who were wheezing at bothwith those who were skin test negative (OR 4.3
(95% CI 2.4 to 7.8), p<0.001). Boys were at a surveys (OR 3.3 (95% CI 1.3 to 8.8), p<0.01)).

Methacholine hyperresponsiveness at age 11significantly higher risk of having methacholine
hyperresponsiveness than girls (OR 2.3 (95% was unrelated to any of the groups of wheezers

up to age 6, although there was a marginalCI 1.4 to 3.7), p<0.001).
Logistic regression analysis (table 3), with association for subjects who were wheezing

both at ages 3 and 6 among those who weremethacholine hyperresponsiveness and positive
peak flow variability measured at age 11 as the skin test positive.

Table 4 Association† of methacholine hyperresponsiveness (Mch positive) and peak flow variability (PEF var positive) measured at age 11 to
wheezing at age 3 and age 6 surveys†† †††

Total Skin test negative Skin test positive

Mch positive PEFvar positive Mch positive PEFvar positive Mch positive PEFvar positive

No wheeze by 3/no wheeze at 6
% positive 26 7 14 8 32 6
N+/N group 49/188 19/262 10/71 8/105 36/113 9/145
OR (95% CI)‡ 1.0 1.0 1.0 1.0 1.0 1.0

Yes wheeze by 3/no wheeze at 6
% positive 22 10 10 9 32 11
N+/N group 18/80 10/100 3/30 3/34 15/47 7/61
OR (95% CI) 0.9 (0.5 to 1.6) 1.4 (0.6 to 3.2) 0.7 (0.2 to 2.7) 1.1 (0.3 to 4.6) 1.0 (0.5 to 2.2) 2.0 (0.7 to 5.8)

No wheeze by 3/yes wheeze at 6
% positive 28 14 7 22 39 10
N+/N group 13/47 12/85 1/15 5/23 12/31 6/59
OR (95% CI) 0.9 (0.4 to 1.9) 2.1 (1.0 to 4.6)∗ 0.4 (0.04 to 3.5) 3.3 (1.0 to 12.5)∗ 1.2 (0.5 to 2.9) 1.1 (0.6 to 5.0)

Yes wheeze by 3/yes wheeze at 6
% positive 39 19 11 15 52 18
N+/N group 13/33 13/70 1/9 2/13 12/23 10/54
OR (95% CI) 1.7 (0.8 to 3.7) 2.8 (1.3 to 6.2)∗∗ 0.7 (0.2 to 7.5) 2.5 (0.4 to 13.7) 2.0 (0.8 to 5.2) 3.3 (1.3 to 8.8)∗∗

∗∗ pΖ0.01; ∗ pΖ0.05.
† OR (odds ratio) and 95% CI (95% confidence interval) adjusted by sex and for URIs.
†† Groups are the same as described in previous study.2 No wheeze both by age 3 and age 6 (no wheeze by 3/no wheeze at 6); wheezing by age 3 and no wheezing
at age 6 (yes wheeze by 3/no wheeze at 6); no wheezing by age 3, and wheezing at age 6 (no wheeze by 3/yes wheeze at 6); and wheezing both at age 3 and 6 (yes
wheeze by 3/yes wheeze at 6).
††† Total number of subjects is greater than subtotals for skin test positive and skin test negative subjects because some subjects did not have skin test results.
‡ Reference odds ratio.
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Table 5 Association† of methacholine hyperresponsiveness (Mch positive) and peak flow variability (PEF var positive) measured at age 11 to
wheezing at age 6 and age 11 surveys†† †††

Total Skin test negative Skin test positive

Mch positive PEFvar positive Mch positive PEFvar positive Mch positive PEFvar positive

No wheeze by 6/no wheeze at 11
% positive 21 52 8 8 32 8
N+/N group 56/268 29/356 13/153 12/150 35/108 12/150
OR (95% CI)‡ 1.0 1.0 1.0 1.0 1.0 1.0

Yes wheeze at 6/no wheeze at 11
% positive 11 13 4 19 18 8
N+/N group 5/46 9/70 1/23 6/31 4/22 3/37
OR (95% CI) 0.4 (0.1 to 1.1) 1.6 (0.7 to 3.7) 0.3 (0.04 to 2.5) 2.9 (1.0 to 8.8)∗ 0.6 (0.2 to 1.9) 1.0 (0.3 to 3.7)

No wheeze at 6/yes wheeze at 11
% positive 42 10 1 10 48 9
N+/N group 17/40 7/68 1/8 1/10 15/31 5/56
OR (95% CI) 2.8 (1.4 to 5.6)∗∗ 1.3 (0.5 to 3.1) 1.0 (0.1 to 9.2) 1.3 (0.1 to 11.3) 2.5 (1.1 to 5.7)∗ 1.1 (0.4 to 3.1)

Yes wheeze at 6/yes wheeze at 11
% positive 59 17 — 20 65 15
N+/N group 22/37 16/93 0/2 1/5 22/34 13/85
OR (95% CI) 5.1 (2.4 to 10.6)∗∗∗ 2.3 (1.2 to 4.5)∗∗ — 2.9 (0.3 to 28.1) 4.5 (2.0 to 10.1)∗∗∗ 1.9 (0.9 to 4.4)

∗∗∗ pΖ0.001; ∗∗ pΖ0.01; ∗ pΖ0.05.
† OR (odds ratio) and 95% CI (95% confidence interval) adjusted by sex and for URIs.
†† No wheeze both at age 6 and 11 (no wheeze at 6/no wheeze at 11); wheezing by age 6 and no wheezing at age 11 (yes wheeze at 6/no wheeze at 11); no
wheezing at age 6 and wheezing at age 11 (no wheeze at 6/yes wheeze at 11); and wheezing both at age 6 and 11 (yes wheeze at 6/yes wheeze at 11).
††† Total number of subjects is greater than subtotals for skin test positive and skin test negative subjects because some subjects did not have skin test results.
‡ Reference odds ratio.

   who had positive peak flow variability at age
11 and were skin test negative were also at an   

    11   increased risk of having wheezed at age 6 but
not at 11 (OR 2.9 (95% CI 1.0 to 8.8), pΖ0.05   6  11

Children were also grouped according to their for yes wheeze at 6/no wheeze at 11).
wheezing status at ages 6 and 11 (table 5).
Children who had methacholine hyper-
responsiveness at age 11 and were skin test
positive were more likely to be wheezing at age   

   11 irrespective of wheezing at age 6 (OR 2.5
(95% CI 1.1 to 5.7), p<0.05 and 4.5 (95% CI     11   

IE    2.0 to 10.1), p<0.001 for no wheeze at 6/yes
wheeze at 11 and yes wheeze at 6/yes wheeze Positive peak flow variability at age 11 was not

found to be related to high serum IgE levels inat 11, respectively). In addition, positive peak
flow variability at age 11 was significantly as- any of the surveys at which this variable was

assessed (fig 1). In contrast, methacholinesociated with persistent wheezing (OR 2.3
(95% CI 1.2 to 4.5), pΖ0.01 for yes wheeze hyperresponsiveness at age 11 was marginally

correlated with log total serum IgE levelsat 6/yes wheeze at 11). Conversely, children
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Figure 1 Proportion of subjects with positive peak flow variability (PEFvar) or positive methacholine challenge response
in relation to serum IgE levels measured at different ages. The numbers of children (n) tested for each IgE level are
displayed under the bars on each of the graphs. p values for trend within groups were determined by the v2 test.
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Wheezing phenotypes in children 951

Our data do not allow us to define the nature
of the alteration in airway dynamics that was
present in the non-atopic subjects who had
positive peak flow variability at age 11, wheez-
ing around the age of 6, but who were not
wheezing at age 11. Peak flow variability was
unrelated to skin test reactivity to allergens
measured at ages 6 and 11 and to serum IgE
levels measured in cord blood and at ages 9
months, 6 years, and 11 years. Conversely,
methacholine responsiveness was strongly as-
sociated with skin test reactivity to allergens
and with total serum IgE levels as measured
both concurrently with methacholine meas-
urements and five years earlier at age 6 (fig 1). It
thus appears that methacholine responsiveness
and peak flow variability identify different types
of abnormal airway behaviour.13 This is in
agreement with earlier findings by Siersted et
al 19 25 who reported that some children with
asthma related symptoms but no asthma dia-
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gnosis had increased peak flow variability but
not methacholine hyperresponsiveness. Thus,Figure 2 Hypothetical yearly peak prevalence of wheezing for the three different

wheezing phenotypes in childhood. Prevalence for each age interval should be the sum of it is tempting to speculate that perhaps en-
the areas under each curve. This classification of wheezing phenotypes should not imply vironmental stimuli such as viruses or tobaccogroups are exclusive. Dashed lines suggest wheezing can present different curve shapes due

smoke may alter airway dynamics and cause ato many different factors including overlap of groups. Modified from Wilson.30

syndrome of less persistent wheezing through
mechanisms which regulate airway tone in-
dependently of IgE mediated inflammation.

We have previously reported that the main(p=0.07) at birth and highly correlated with
serum IgE levels measured at ages 6 (p<0.001) risk factor for transient early wheezing (wheez-

ing up to age 3 but not after) is a lower level ofand 11 (p<0.0001).
airway function which can already be detected
shortly after birth,26 tracks along individual
“growth curves”, and remains low at age 6.27Discussion

Both methacholine hyperresponsiveness and In the present study we observed that this
same group of children showed no increasedpositive peak flow variability when measured at

age 11 were associated with persistent wheezing prevalence of methacholine hyperresponsive-
ness or positive peak flow variability, both meas-during the school years (ages 6 and 11). In-

creased prevalence of positive peak flow vari- ured at age 11. It thus appears that increased
airway lability is not the main factor responsibleability was also observed in a group of children

who wheezed at age 6 but not at age 11 and who for the lower levels of lung function observed
in these children. The decreased lung functionwere predominantly non-atopic. Methacholine

hyperresponsiveness was associated with wheez- is more likely to be the consequence of mech-
anical characteristics of the lung such as altereding at age 11 among atopic subjects, in-

dependent of wheezing at age 6. Two previous airway resistance or increased dynamic com-
pliance.28 As in our population, Stick et al 29studies8 24 that examined bronchial re-

sponsiveness in wheezing children of 4–6 years showed that children who wheezed in early life
had lower levels of lung function than childrenof age reported that these children did not show

the expected response to airway challenge tests who did not wheeze, but that bronchial re-
sponsiveness to histamine challenge was notas reported in older wheezing children or

adults. Wilson et al 8 speculated that many pre- different between these two groups.
There are some limitations in our study thatschool wheezers do not have the same kind

of atopy-related inflammatory airway response need to be addressed. We did not perform
methacholine tests in children with a history ofwhich is characteristic of older asthmatic sub-

jects. This notion is supported by our findings significant asthma symptoms in the previous
three months. More recent data suggest thatof different patterns of response for peak flow

variability and methacholine challenge when this precaution may have overestimated the
possible side effects of methacholine challengemeasured at the age of 11 years. Our data thus

confirm the clinical impression that a con- in children with active asthma. The main con-
sequence of this restriction was that a subsetsiderable number of children who wheeze dur-

ing the toddler and early school years have a of more severely ill wheezers (n=78) were
underrepresented in the sample of childrencondition that may be different from that of

the classical, atopy-related asthma seen in older challenged with methacholine (table 1). A close
analysis of the possible consequences of thischildren or adults. Our findings and those of

Wilson et al 8 have important consequences for restriction on our results suggests that our con-
clusions would not have changed had we in-our understanding of childhood wheezing

which appears to be a heterogeneous group cluded the subjects with more recent wheezing
symptoms in our study. Indeed, the associationsof conditions with a common final pathway

represented by recurrent airway obstruction. between methacholine and wheeze at age 11,

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.11.946 on 1 N

ovem
ber 1997. D

ow
nloaded from

 

http://thorax.bmj.com/


952 Stein, Holberg, Morgan, Wright, Lombardi, Taussig, et al

hyperresponsiveness, the diagnosis of asthma, and asthmaatopic markers, sex, and current asthma were symptoms. Am Rev Respir Dis 1990;142:549–54.
8 Wilson NM, Bridge P, Silverman M. Bronchial re-all significant among subjects included in this

sponsiveness and symptoms in 5–6 year old children: astudy and would probably have been stronger comparison of a direct and indirect challenge. Thorax
1995;50:339–45.had we not excluded subjects with more recent

9 Burrows B, Sears MR, Flannery EM, Herbison GP, Hol-asthma symptoms. Methacholine hyper- daway MD. Relationships of bronchial responsiveness
assessed by methacholine to serum IgE, lung function,responsiveness was marginally associated with
symptoms, and diagnosis in 11 year old New Zealandwheezing both at ages 3 and 6 among skin test children. J Allergy Clin Immunol 1992;90:376–85.

10 Peat JK, Woolcock AJ. Sensitivity to common allergens:positive subjects (table 4). This association
relation to respiratory symptoms and bronchial re-would probably have been stronger had the sponsiveness in children from three different climatic areas
of Australia. Clin Exp Allergy 1991;21:753–81.more severe wheezers been tested for metha-

11 Clifford RD, Radford M, Howell JB, Holgate ST. Prevalencecholine at age 11 since this group has the of atopy and range of bronchial response to methacholine
in 7 and 11 year old school-children. Arch Dis Child 1989;highest risk of continuing persistent wheeze.
64:1126–32.However, the exclusion criteria did not affect 12 Quackenboss JJ, Lebowitz MD, Kryzanowski M. The nor-
mal range of diurnal changes in peak expiratory flow rates.subjects who were wheezing at age 6 but who
Am Rev Respir Dis 1991;143:323–30.were not wheezing at age 11 so the low pre- 13 Brand PLP, Postma DS, Kerstjens HAM, Koetner GH, and
the Dutch CNSLD study group. Relationship of airwayvalence of positive methacholine tests in this
hyperresponsiveness to respiratory symptoms and diurnalgroup cannot be explained by selection bias. peak flow variation in patients with obstructive lung dis-
ease. Am Rev Respir Dis 1991;143:916–21.Finally, peak flow variability was measured in

14 Clough JB, Williams JD, Holgate ST. Effect of atopy on the
all cooperative subjects independent of symp- natural history of symptoms, peak expiratory flow, and

bronchial responsiveness in 7 and 8-year-old children withtoms so no bias with respect to symptoms was
cough and wheeze. Am Rev Respir Dis 1991;143:755–60.

present in this group; in addition, the results 15 Higgins BG, Britton JR, Chinn S, Jones TD, Jenkinson D,
Burney PGJ, et al. The distribution of peak expiratorywere similar when the analysis for peak flow
flow variability in a population sample. Am Rev Respir Dis

variability was restricted to the group who also 1989;140:1368–72.
16 Higgins BG, Britton JR, Chinn S, Cooper S, Burney PGJ,performed methacholine tests. Tattersfield AE.Comparison of bronchial reactivity and

In summary, there are at least three different peak flow variability measurements for epidemiologic stud-
ies. Am Rev Respir Dis 1992;145:588–93.wheezing phenotypes associated with different 17 Taussig LM, Wright AL, Morgan WJ, Harrisson HR, Ray

risk factors which co-exist during the first 11 CG, and the Group Health Medical Associates. The
Tucson children’s respiratory study. I. Design and im-years of life. We have identified these wheezing plementation of a prospective study of acute and chronic
respiratory illness in children. Am J Epidemiol 1989;129:phenotypes as “transient early wheezing”,
1219–31.“non-atopic wheezing” of the toddler and early 18 Wright AL, Taussig LM, Ray CG, Harrisson HR, Holberg
CJ. The Tucson children’s respiratory study. II. Lowerschool years, and “IgE-associated wheeze/
respiratory tract illness in the first years of life. Am Jasthma” (fig 2). These phenotypes coincide Epidemiol 1989;129:1232–46.

19 Siersted HC, Hansen HS, Hansen N-C, Hyldebrandt N,with the three groups of wheezing children
Moostgard G, Oxhoj H. Evaluation of peak expiratorypreviously described by Wilson.30 Our data sug- flow variability in an adolescent population sample. Am J
Respir Crit Care Med 1994;149:598–603.gest that, whereas the first syndrome is mainly

20 Quanjar PH, Lebowitz MD, Gregg I, Miller MR, Pedersenassociated with lower levels of lung function OF. Peak expiratory flow: conclusions and recomendations
of a working party of the European Respiratory Society.which persist throughout childhood,31 the sec-
Eur Respir J 1997;10(Suppl 24):2s–8s.ond group is mainly associated with increased 21 Yan K, Salome, Woolcock AJ. Rapid method for measure-
ment of bronchial responsiveness. Thorax 1983;38:760–5.peak flow variability long after wheezing symp-

22 Sears MR, Burrows B, Flannery EM, Herbison GP, Hewitttoms have ceased – that is, at age 11 in this CJ, Holdaway MD. Relation between airway re-
sponsiveness and serum IgE in children with asthma andstudy. IgE associated wheeze/asthma, on the
apparently normal children. N Engl J Med 1991;325:

other hand, may exist at any age during child- 1067–71.
23 Halonen M, Stern D, Lyle S, Wright A, Martinez F. Re-hood and is related to the known combination

lationship of total serum IgE levels in cord and 9-month
of atopy, increased responsiveness to metha- sera of infants. Clin Exp Allergy 1991;21:235–41.

24 Adachi Y, Murakami G, Matsuno M, Adashi Y, Kayaharacholine, and increased peak flow variability.
M, Okada T, et al. Yoshizumi A. Longitudinal study
of bronchial hypereactivity in preschool children with
bronchial asthma. Ann Allergy 1992;68:261–6.This study was supported by NHLBI SCOR grants nos HL 25 Siersted HC, Mostgaard G, Hyldebrandt N, Hansen HS,14136 and HL 56177. Boldsen J, Oxhoj H. Interrelations between diagnosed
asthma, asthma-like symptoms, and abnormal airway be-
haviour in adolescence: the Odense Schoolchild Study.

1 Christie G, Helms P. Childhood asthma: what is it and Thorax 1996;51:503–9.
where is it going? Thorax 1995;50:1027–30. 26 Martinez FD, Morgan WJ, Wright AL, Holberg C, Taussig

2 Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen LM. Initial airway function is a risk factor for recurrent
M, Morgan WJ, and the Group Health Medical Associates. wheezing respiratory illnesses during the first three years
Asthma and wheeze in the first six years of life. N Engl J of life. Am Rev Respir Dis 1991;143:312–16.
Med 1995;332:133–8. 27 Morgan WJ, Martinez FD, Wright AL, Taussig LM. Forced

3 Hopp RJ, Bewtra AK, Nair NM, Watt GD, Townley RG. expiratory flow tracks from infancy to six years of age. Am
Methacholine inhalation challenge studies in a selected Rev Respir Dis 1991;143:A508.
pediatric population. Am Rev Respir Dis 1986;134: 994–8. 28 Hanrahan JP, Brown RW, Carey VJ, Castile RG, Speizer

4 Salome CM, Peat JK, Britton J, Woolcock AJ. Bronchial FE, Tager IB. Passive respiratory mechanics in healthy
hyperresponsiveness in two populations of Australian infants: effects on growth, gender and smoking. Am J
schoolchildren. I. Relation to respiratory symptoms and Respir Crit Care Med 1996;154:670–80.
diagnosed asthma. Clin Allergy 1987;17:271–81. 29 Stick SM, Arnott J, Turner DJ, Young S, Landau LI, Le

5 Pattemore PK, Asher MI, Harrison AC, Mitchel EA, Rea Souef P. Bronchial responsiveness and lung function in
HH, Stewart AW. Ethnic differences in prevalence of recurrently wheezy infants. Am Rev Respir Dis 1991;144:
asthma symptoms and bronchial hyperresponsiveness in 1012–15.
New Zealand children. Thorax 1989;44:168–76. 30 Wilson N. The significance of early wheezing. Clin Exp

6 Josephs LK, Gregg I, Mullee M, Holgate ST. Non specific Allergy 1994;24:522–9.
bronchial reactivity and its relationship to the clinical 31 Voter KZ, Henry MM, Stewart PW, Henderson FW. Lower
expression of asthma. Am Rev Respir Dis 1989;140:350–7. respiratory illness in early childhood and lung function

7 Pattemore PK, Asher MI, Harrison AC, Mitchell EA, Rea and bronchial reactivity in adolescent males. Am Rev
Respir Dis 1988;137:302–7.HH, Stewart AW. The interrelationship among bronchial

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.11.946 on 1 N

ovem
ber 1997. D

ow
nloaded from

 

http://thorax.bmj.com/

