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Childhood allergic rhinitis predicts asthma
incidence and persistence to middle age:

A longitudinal study
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Background: The association between allergic rhinitis and
asthma is well documented, but the temporal sequence of this
association has not been closely examined.

Objective: We sought to assess the associations between
childhood allergic rhinitis and (1) asthma incidence from
preadolescence to middle age and (2) asthma persistence to
middle age.

Methods: Data were gathered from the 1968, 1974, and 2004
surveys of the Tasmanian Asthma Study. Cox regression was
used to examine the association between childhood allergic
rhinitis and asthma incidence in preadolescence, adolescence,
and adult life. Binomial regression was used to examine the
association between childhood allergic rhinitis and asthma
beginning before the age of 7 years and persisting at age 44
years.

Results: Childhood allergic rhinitis was associated with a
significant 2- to 7-fold increased risk of incident asthma in
preadolescence, adolescence, or adult life. Childhood allergic
rhinitis was associated with a 3-fold increased risk of childhood
asthma persisting compared with remitting by middle age.
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Conclusions: Childhood allergic rhinitis increased the
likelihood of new-onset asthma after childhood and the
likelihood of having persisting asthma from childhood into
middle age.

Clinical implications: Asthma burden in later life might be
reduced by more aggressive treatment of allergic rhinitis in
early life. (J Allergy Clin Inmunol NEEE;EEN:NEE-EEN,)

Key words: Childhood allergic rhinitis, incident asthma, persisting
asthma, effect modification

The prevalence of allergic rhinitis' is increasing, and
its burden is substantial. It can begin at any age, and there
is wide variation in prevalence. In a birth cohort from
Arizona, Wright et al® found that 42% had physician-
diagnosed allergic rhinitis by 6 years of age. Hurre
et al,3 reporting on a Finnish birth cohort, found that the
prevalence of allergic rhinitis was 17.5% at age 16 years
and 26% at age 32 years. Data from the International
Study of Asthma and Allergies in Childhood indicate a
prevalence of self-reported allergic rhinitis ranging from
0.8% to 14.9% in 6- to 7-year-olds from different centers.”*
The prevalence in all age groups in other studies has
ranged from 3% to 19%,” perhaps because of differences
in definition or aeroallergen prevalence. Allergic rhinitis
and asthma commonly occur in the same person.®”’
Asthma can be more severe in asthmatic subjects with
allergic rhinitis compared with those without allergic
thinitis.®

Cross-sectional studies have shown an association
between allergic rhinitis and asthma. Guerra et al’ and
Leynaert et al'® each showed an association between aller-
gic rhinitis and new asthma in atopic and nonatopic adults,
independent of age, sex, smoking, and family history of
asthma. Follow-up studies in adults have shown that aller-
gic rhinitis might precede asthma. ""However, there is lim-
ited information on childhood-onset allergic rhinitis and
asthma developing in preadolescence, adolescence, or
adult life or persisting from childhood to adult life. Such
information would be valuable in understanding causal
mechanisms.

We hypothesized that allergic rhinitis present before
age 7 years (childhood allergic rhinitis) was associated

1


mailto:j.burgess@pgrad.unimelb.edu.au

2 Burgess et al

Abbreviations used
ARR: Adjusted relative risk
TAS: Tasmanian Asthma Study

with incident asthma in later life stages. We analyzed
data gathered over a 37-year period from the Tasmanian
Asthma Study (TAS). We examined childhood allergic
rhinitis and childhood asthma. We then examined child-
hood allergic rhinitis and incident asthma in preadoles-
cence, adolescence, and adult life. We also examined
childhood allergic rhinitis and asthma beginning before
the age of 7 years and persisting to age 44 years.

METHODS

Study population and data collection

The TAS began in 1968 when a population birth cohort (n =
8583), then aged 7 years and attending school in Tasmania, was
surveyed. The cohort comprised 98.9% of children born in Tasmania
in 1961. A questionnaire completed by the parents detailed the child’s
history of asthma, hay fever, eczema, allergy, and urticaria. At a
medical examination in 1968, FEV, forced vital capacity, and forced
expiratory flow from 25% to 75% of the forced vital capacity were
measured with a wedge-bellows spirometer (Vitalograph Limited,
Buckinghamshire, United Kingdom). These measurements were
recalculated as percent predicted values.'?

Another survey was done in 1974, when the participants were
aged 13 years. The parents of the 7383 children (86% of the original
cohort) who could be traced completed another respiratory question-
naire in which data were gathered on the participants’ ““asthma ever”
status, together with age at onset of asthma and history of allergic
disorders.

A further survey was conducted in 2004, when 7312 (85.2%) of
the participants from 1968 were traced to an address and sent a
detailed respiratory questionnaire. Of these, 5729 (78.4%) completed
the questionnaire. This questionnaire gathered data on history of
“asthma ever,” age at asthma onset, history of eczema and hay fever,
smoking history, exposure to environmental tobacco smoke, and
known allergies to grasses, dust, animals, food, and medicines.

Definitions

Allergic rhinitis. This was defined in the 1968 questionnaire by an
affirmative answer to the following question: ‘“Does he/she get
attacks of ‘hay fever’ (that is, sneezing, running or blocked nose,
sometimes with itchy eyes or nose)?”” Allergic rhinitis was defined in
the 2004 questionnaire by an affirmative answer to the following
question: “‘Have you ever had hay fever (that is, sneezing, running or
blocked nose when you do not have a cold or the flu)?” Allergic
rhinitis was grouped as a 3-level variable: childhood, onset before age
7 years; later onset, onset after age 7 years; and never.

Asthma ever. Asthma by ages 7 or 13 years was defined by an
affirmative answer in the 1968 or 1974 surveys to the following
question: “Has your child ever suffered from attacks of asthma or
wheezy breathing?”” Asthma by age 44 years was defined by an
affirmative answer in the 2004 survey to the following question:
“Have you ever in your life suffered from attacks of asthma or
wheezy breathing?”

Persisting and remitting asthma. Those with asthma ever by age
44 years and an attack within the last 2 years were classed as having
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persisting asthma. Those with asthma ever by age 44 years and no
attack for more than 2 years were classed as having remitting asthma.
These cutoff points were chosen to be as consistent as possible with
previously published definitions."

Age at onset of asthma. This was self—reported in the 2004 survey.
Participants’ responses in the 2004 survey concerning “‘asthma ever”
and age at asthma onset were compared with their parents’ prospec-
tively gathered responses to the same questions. Where there was
disagreement, the parents’ responses were taken to be correct.'*

Serious lung infection. This was defined by an affirmative
response in the 1968 survey to the following question: “Have you
ever been told by a doctor that he/she had pneumonia or pleurisy?”

Population-attributable fraction. This was defined'® as “the frac-
tion of all cases (exposed and unexposed) that would not have
occurred if exposure had not occurred.”

Covariate definitions

Impaired lung function at age 7 years. This was defined as an
FEV, of less than 80% of predicted value.'?

Infantile (baby) eczema, physician-diagnosed food or medicine
allergy, and urticaria (hives). These were parent defined in 1968
without further prompting as to the meaning of the terms.

Flexural eczema. This was parent defined in 1968 as “‘eczema in
the creases (bends) of the elbows, wrists or knees.”” Eczema by age 44
years was defined in the 2004 questionnaire by an affirmative
response to the following question: ‘“‘Have you ever had eczema or
skin allergy?”’

Eczema variable. This was developed from the eczema terms
above and consisted of 3 levels: (1) infantile eczema, flexural eczema,
or both by the age of 7 years; (2) eczema by age 44 years without a
history of infantile or flexural eczema by age 7 years; and (3) never
eczema.

Smoking. Smoking at age 44 years was a 5-level variable: (1) daily
smoking, (2) at least weekly smoking, (3) less than weekly smoking,
(4) former smoking, and (5) never smoking.

Passive smoking. This was defined as exposure to another
person’s tobacco smoke for at least 1 hour per day.

Socioeconomic status in 1968. This was classified by the occu-
pation of the father of the participant and divided into 5 categories
according to the Australian Standard Classification of Occupations.'®

Socioeconomic status in 2004. This was classified by the occu-
pation of the participant and divided into the same 5 categories as in
1968.

Analytic methods

The analysis was carried out using the first 5478 (75% response
rate) completed questionnaires received. Categoric data were com-
pared by using the Pearson ¥ test. Asthma incidence after the age of 7
to 44 years was computed, dependent on childhood allergic rhinitis.
The population-attributable fraction was calculated by using the
Levin formula.'”

Multivariable logistic regression examined the association be-
tween childhood allergic rhinitis and childhood-onset asthma. The
model was adjusted for eczema, allergy to food or medicines, urticaria
(all by the age of 7 years), impaired lung function at the age of 7 years,
and socioeconomic status of the family in 1968.

A Cox regression was used to examine the association between
childhood allergic rhinitis and asthma developing between the ages of
8 and 12 years (preadolescence), between 13 and 20 years (adoles-
cence), and after 20 years (adult life). The results are presented as
hazard ratios with 95% Cls and were estimated in a series of mutually
adjusted models that included eczema, food or medicine allergy, and
urticaria (all by age 7 years) and impaired lung function at age 7 years
as covariates. The model that examined childhood allergic rhinitis
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and adult-onset asthma was also adjusted for active and passive
smoking and for socioeconomic status of the participant in 2004. A
test of homogeneity across the different life stages was computed by
using the Cochran Q statistic. Effect modification by other allergic
and nonallergic early-life factors was examined.

Binomial regression with the log link function examined child-
hood allergic rhinitis and persistent asthma while adjusting for
eczema, food or medicine allergy, and urticaria (all by age 7 years),
impaired lung function at age 7 years, smoking, passive smoking, and
socioeconomic status in 2004. The results are presented as adjusted
relative risks (ARRs) with 95% Cls. A P value of .05 or less was taken
to indicate statistical significance for all estimates. The analysis was
performed with STATA statistical software, release 9.1 (StataCorp,
College Station, Tex). 18

RESULTS
Prevalence of allergic disorders

In the cohort at the age of 7 years (n = 8583), the
prevalence of ‘“‘asthma ever” was 16.3% (n = 1399). A
response to the allergic rhinitis question was obtained for
96.4% (n = 8275). Of these, 12.8% (95% CI, 12.1% to
13.5%; n = 1061) had allergic rhinitis, which was
significantly more common in boys (13.9% vs 11.7%,
le = 8.7, P = .003). Of this 1061, infantile or flexural
eczema was reported by the parents in 27.1% (95% CI,
24.5% to 29.8%; n = 228), food or medicine allergy in
15.7% (95% CI, 13.6% to 17.9%; n = 167), and urticaria
in 29.5% (95% CI, 26.8% to 32.2%; n = 313). Of those
with allergic rhinitis, 2.5% (n = 26) had a history of all
childhood allergic disorders.

Of the 5478 respondents in the 2004 survey, 53.9%
(95% CI, 52.6% to 55.2%; n = 2903) reported allergic
rhinitis, which was significantly more common in women
(52.3% vs 41.7%, x*1 = 39.2, P < .001). Of this 2903,
24.5% (n = 711) had allergic rhinitis by the age of 7 years.
There was no difference in allergic rhinitis prevalence be-
tween respondents and nonrespondents (n = 1532) in
2004 (13.0% vs 12.3%, respectively; difference = 0.7%;
95% CI, —1.2% to 2.6%; P = .46). The prevalence of
allergic rhinitis in 1968 and in 2004 is shown in Fig 1.

Of the 5478 respondents, 28.5% (n = 1561) gave a
history of “‘asthmaever.” When these were compared with
the parents’ responses in 1968 and 1974, it was found that
10% of the cohort (n = 547) disagreed with the parents’
response. The adjusted prevalence of asthma ever by the
age of 44 years was 38.5% (n = 2108). The distribution of
allergic rhinitis phenotypes and asthma at different life
stages is shown in Table 1.

Childhood allergic rhinitis and childhood
asthma

Of the 1061 participants in 1968 with allergic rhinitis,
41.7% (n = 442) had asthma by age 7 years. Of the 7214
participants in 1968 without allergic rhinitis, 12.9% (n =
932) had asthma by age 7 years. There were 25 partici-
pants with childhood asthma for whom no data were
available on allergic rhinitis by age 7 years. Childhood
allergic rhinitis was significantly associated with asthma
by age 7 years (adjusted odds ratio, 4.16; 95% ClI,
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Participants (age 7 yrs) in 1968 (n=8583)

Data available on allergic rhinitis (AR) by age 7 yrs

(n=8275)
A 4 A 4
‘Ever” AR ‘Ever” AR
‘yes’ ‘no’
(n=1061) (n=7214)
Withdrew or lost Withdrew or lost
to follow-up to follow-up
(n=350) (n=2619)
y A 4
‘Ever’ AR ‘yes’ in ‘Ever’ AR ‘no’ in
2004 2004
(m=711) (n=2403)
Developed AR between
1968 and 2004 -—
(n=2192)

FIG 1. The prevalence of allergic rhinitis in 1968 and 2004.

3.57-4.86). This estimate is from a logistic model adjusted
for eczema, urticaria, allergy to food or medicine, im-
paired lung function at 7 years of age, and socioeconomic
status of the family in 1968. There was no effect modi-
fication by the other childhood allergic disorders or by
maternal or paternal asthma; maternal or paternal smok-
ing; serious lung infection before the age of 7 years;
exclusive breast-feeding for the first 3 months of life;
immunization with diphtheria, pertussis, and tetanus vac-
cines; or having at least 1 older sibling (data not shown).

Childhood allergic rhinitis and
asthma incidence

Asthma incidence after age 7 years to the age of 44
years, dependent on allergic rhinitis by 7 years of age, is
shown in Table II. Asthma incidence after age 7 years was
more than 3 times higher in those with childhood allergic
rhinitis compared with those never having allergic rhinitis,
with no significant difference by sex. The rate ratio for
female compared with male subjects was 1.25 (95% CI,
0.84-1.88). Consequently, no adjustment was made for
sex in the analyses.

The risk of asthma developing at different stages of life
in terms of childhood allergic rhinitis is shown in Table III.
The estimates presented are from mutually adjusted Cox
models, which included eczema, allergy to food or medi-
cine, urticaria, and impaired lung function at the age of 7
years. Incident asthma in adult life was additionally ad-
justed for active and passive smoking and for socioeco-
nomic status at age 44 years. Childhood allergic rhinitis
was associated with a significantly increased risk of
asthma in preadolescence, adolescence, and adult life.
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TABLE I. Allergic rhinitis phenotypes and the corresponding number with asthma in the different age at onset groups

Cohort in 2004 (n = 5478)

Age at onset of asthma “ever”

Allergic rhinitis Childhood Preadolescence Adolescence Adult life Never Missing
in 2004 (n = 1194) (n = 156) (n = 124) (n = 607) (n = 3370) (n = 27)
Childhood onset (n = 711) 351 28 16 55 259 2
Later onset (n = 2192) 462 99 84 381 1154 12
Never (n = 2403) 330 21 20 159 1864 9
Missing (n = 172) 51 8 4 12 93 4

TABLE Il. Childhood allergic rhinitis and asthma incidence from age 8 to age 44 years

Incidence per 1000

Person-years Asthma onset person-years Rate ratio Population-attributable
at risk after age 7 y (% [n]) at risk (95% CI) (95% CI) fraction
Allergic rhinitis
Childhood allergic 13,755 33.1 (99) 7.20 (5.91-8.76) 3.16 (2.46-4.05) 0.226
rhinitis (n = 711)
Never allergic 87,917 66.9 (200) 2.27 (1.98-2.61) 1.00
rhinitis (n = 2403)
Total* 101,672 100.0 (299) 2.94 (2.61-3.27)

*In the cohort (n = 5478) there were 2192 subjects with allergic rhinitis that began after age 7 years and 172 with no data on allergic rhinitis. Of those with
asthma onset after age 7 years, there were 564 with allergic rhinitis that began after age 7 years.

The increased risk became smaller as the age at asthma
onset increased. Because the test for homogeneity was
significant, a pooled estimate of risk across the lifespan
was not presented.

Effect modification of these associations by the other
allergic and nonallergic early-life factors was examined. In
adult life incident asthma risk associated with childhood
allergic rhinitis was increased by 90% relative to that
conferred by childhood allergic rhinitis alone if the
participant had been exclusively breast-fed for the first 3
months of life (Table IV). However, exclusive breast-feed-
ing did not modify this association in preadolescence or
adolescence. Exclusive breast-feeding was adjusted for so-
cioeconomic status in 2004 in these models. The analysis
was repeated while omitting the small number of partici-
pants with childhood allergic rhinitis who were exclu-
sively breast-fed and whose mothers had asthma, and the
result did not change appreciably (data not shown).

The effect of childhood allergic rhinitis on incident
asthma risk in any later-life stage was not modified by any
other childhood allergic disorder. In addition, the effect
was not modified by maternal or paternal asthma; maternal
or paternal smoking; serious lung infection before age 7
years; immunization with diphtheria, pertussis, and teta-
nus vaccines; or having at least 1 older sibling (data not
shown).

Childhood allergic rhinitis and
persisting asthma

Childhood allergic rhinitis was associated with a sig-
nificantly increased risk (ARR, 3.00; 95% CI, 1.98-4.56)
of having childhood asthma persist to age 44 years. There
was no association between childhood allergic rhinitis and
later-onset asthma persisting to age 44 years (ARR, 1.04;

95% CI, 0.79-1.36). The analysis was repeated with the
definition of persisting asthma changed to ‘‘asthma ever
by age 44 years and an attack within the last 12 months,”
and the result did not change appreciably (data not
shown). For all of these associations, the comparison
groups were ‘‘never’ allergic rhinitis and ‘‘remitted
asthma by the age of 44 years.”

DISCUSSION

Childhood allergic rhinitis and childhood asthma were
strongly associated, independent of other childhood aller-
gic disorders, impaired lung function at the age of 7 years,
and socioeconomic status. Furthermore, childhood aller-
gic rhinitis was associated with a 7-fold increased risk of
incident asthma in preadolescence, a 4-fold increased risk
in adolescence, and a 2-fold increased risk in adult life,
independent of those same covariates. Incident asthma
risk in adult life was also independent of active and
passive smoking.

The nature of the relationship between allergic rhinitis
and asthma has been controversial. Although coexistence
of these diseases is common, either one can occur first.'”
Upper and lower airways form an anatomic continuum
with structural and functional differences, but the concept
of “one airway, one disease?® has appeal. An accepted
explanation of the relationship is that the 2 diseases are
different occurrences on a common atopic pathway.
However, there is evidence that the association remains
significant, even when the subject is nonatopic.”'®
Various alternative mechanisms have been suggested as
linking allergic rhinitis and asthma. Aspiration of pha-
ryngeal contents has been shown in deep sleep.”'
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TABLE Illl. Adjusted hazard ratios and 95% Cls for asthma in different life stages after the age of 7 years, dependent on

childhood allergic rhinitis

Age (y) at asthma onset*

>7-12, preadolescence

>12-20, adolescence

>20-44,1 adult life

(n = 156) (n = 124) (n = 607)
HR HR HR Homogeneity
(95% CI) (95% CI) (95% CI) test, P value

Childhood allergic rhinitis
vs
Never allergic rhinitis

7.12 (3.97-12.75), P <.001

1.00

4.34 (2.23-8.46), P < .001

2.19 (1.59-3.01), P < .001 <.001

1.00 1.00

HR, Hazard ratio.

*There were 27 persons of the 2108 with a history of “asthma ever” for whom no age at onset of asthma could be determined and 1194 with asthma onset by

age 7 years.

‘tAdditionally adjusted for socioeconomic status, current smoking, and passive smoking at age 44 years.

TABLE IV. Modification of the association between childhood allergic rhinitis and incident asthma risk in adult life by

exclusive breast-feeding for the first 3 months of life*

Effect HR No. with adult Interaction
Exposure modifier (95% CI) incident asthma+t P value
Allergic rhinitis phenotype Exclusive breast-feeding
Childhood Yes 2.91 (1.92-4.43) 30% .01
Childhood No 1.54 (0.98-2.41) 25
Never Yes 0.84 (0.60-1.17) 55
Never No 1.00 103

HR, Hazard ratio.

*The result is taken from the mutually adjusted model described in the text, with additional adjustment for socioeconomic status. Exclusive breast-feeding and its

interaction term with childhood allergic rhinitis were added to the model.

+Of the 607 participants with incident adult asthma, 18 had missing data on childhood allergic rhinitis or breast-feeding status.

1Of these 30, there were 5 who had a mother with asthma.

Leukotrienes and inflammatory cells are active in both up-
per and lower airways and are present in nasal secretions
of subjects with allergic thinitis.**?* Inhalation of these
agents into the lower airway or their systemic absorption
might initiate a bronchial inflammatory response that
strengthens with continued exposure, leading to clinical
asthma. Other suggested links include a nasobronchial re-
flex and mouth breathing. A nasobronchial reflex was pos-
tulated after the observations that the application of cold
air to the nasal mucosa of healthy subjects”* and hista-
mine” or antigenic material®® to the nasal mucosa of sub-
jects with allergic rhinitis and asthma provoked an
immediate and substantial increase in airway resistance.
A study of subjects with perennial asthma®’ demonstrated
that mouth breathing during exercise led to a worsening of
airway resistance that was abolished by exclusive nose
breathing. Mouth breathing in subjects with allergic rhini-
tis might allow entry of antigenic material to the bronchial
tree.”® It is quite likely that more than 1 of these mecha-
nisms might operate in patients with allergic rhinitis/
asthma.

Guerra et al’ showed an independent association be-
tween allergic rhinitis and incident asthma in a nested
case-control study and suggested the possibility of a direct
causal link. Our results showed that childhood allergic

rhinitis predicted incident asthma in preadolescence,
adolescence, and adult life, which is consistent with the
events being sequential on a common biologic pathway.
However, this temporal association is also consistent
with the possibility that childhood allergic rhinitis and
later-life incident asthma might be causally linked. Of
the 9 criteria discussed by Hill,” temporality is “a sine
qua non for causality.”*° Our data from 1968 did not in-
clude a measure of allergic rhinitis severity, and we could
not examine any possible dose-response effect. This would
have been helpful in assessing a possible causal associa-
tion. Our results, like those of Guerra et al,9 leave unan-
swered the question of a causal link between allergic
thinitis and asthma. Well-designed intervention studies
are needed to examine asthma-free subjects with allergic
rhinitis for subsequent asthma risk.

It is widely held that breast-feeding protects against
allergic disease.’! However, studies examining breast-
feeding and asthma have given conflicting results. Some
of the conflicting results might be related to breast-feeding
behavior being changed by early signs of atopy in the in-
fant.>> A protective effect from breast-feeding (either any
or exclusive breast-feeding and breast-feeding of varying
duration) on asthma risk was found in a systematic review
of 56 studies.*® A prospective birth cohort study”* found a
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protective effect from exclusive breast-feeding for at least
4 months on asthma risk to age 6 years. On the other hand,
the Tucson Children’s Respiratory Study®® found that
exclusive breast-feeding was protective against recurrent
wheeze in early life but was associated with an increased
risk of asthma and recurrent wheeze from age 6 to 13
years, although only in atopic children of asthmatic
mothers. However, the numbers in these subgroups were
small. A New Zealand birth cohort study>® found that
breast-feeding (not always exclusive) for at least 4 weeks
might have increased current asthma and atopy risk from
age 9 years to early adulthood.

Our study found that incident asthma risk in adult
life from childhood allergic rhinitis was increased if the
affected child had been exclusively breast-fed to 3 months
of age. If childhood allergic rhinitis in our study indicated
atopy, this result would have similarities to the Tucson
study.®® However, our study did not include the objective
assessment of childhood atopy, and we cannot be confi-
dent that the subjects with adult-onset asthma were atopic
as children. Another limitation is that infant feeding was
recalled when the participant was aged 7 years. Effect
modification by exclusive breast-feeding was one of
many interactions examined. It is possible that the result
was due simply to the play of chance with multiple hy-
potheses being tested. Nonetheless, the observed inter-
action adds to the body of knowledge concerning the
possible long-term effects of breast-feeding.

Allergic rhinitis is a highly prevalent disorder. By age 7
years, 12.8% of our cohort had allergic rhinitis, with a
significant male preponderance. These data are almost
identical to those reported in another large Australian
study.”” By middle age, nearly 54% of our cohort reported
allergic rhinitis, with reversal of the childhood male
preponderance, which is comparable with the 45.8%
prevalence reported by Settipane et al.'! The population-
attributable risk of incident asthma from childhood
allergic rhinitis was substantial. If the association was truly
causal, this suggests the potential importance of early inter-
ventions in lessening the burden of asthma in later life.

The major strengths of our study are the longitudinal
nature of the data collected from a large population-based
cohort over a 37-year period, modest loss to follow-up,
measurement of lung function in childhood, and the
availability of parent-reported data on asthma history
and age at asthma onset. The prevalence of childhood
allergic rhinitis in the responders and nonresponders to the
2004 survey did not differ, indicating that response bias
related to this was unlikely.

Our study has limitations. Childhood asthma defined by
the parent will include some nonasthma wheeze. Such an
error could be important if it was differentially related to
childhood allergic rhinitis, and we were unable to assess
this. Despite this limitation, we believe that parent-defined
childhood asthma is acceptable. Others have found that this
definition compares well with one including bronchial
hyperresponsiveness,*®* and a looser definition will shift
estimates toward the null.* The use of physician-diagnosed
asthma can result in underdiagnosis.*'** In any case, the
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asthma question in the 1968 TAS questionnaire was a valid
measure of asthma in the previous 12 months when com-
pared with a respiratory physician’s diagnosis.*’

In conclusion, our study is novel in that it provides
evidence for an association between childhood allergic
rhinitis and incident asthma risk at different life stages
from preadolescence to middle age. The finding of a tem-
poral relationship between childhood allergic rhinitis and
later-life incident asthma raises the possibility that the
association might be causal. Intervention studies in chil-
dren with only allergic rhinitis are required to further
examine this possibility.

The Archives Office of Tasmania provided archived data from the
1968 and 1974 TAS questionnaires.

REFERENCES

1. Bousquet J, Van Cauwenberge P, Khaltaev N. Allergic rhinitis and its
impact on asthma. J Allergy Clin Immunol 2001;108(suppl):S147-334.

2. Wright AL, Holberg CJ, Martinez FD, Halonen M, Morgan W, Taussig
LM. Epidemiology of physician-diagnosed allergic rhinitis in childhood.
Pediatrics 1994;94:895-901.

3. Huurre TM, Aro HM, Jaakkola JJ. Incidence and prevalence of asthma
and allergic rhinitis: a cohort study of Finnish adolescents. J Asthma
2004;41:311-7.

4. Strachan D, Sibbald B, Weiland S, Ait-Khaled N, Anabwani G, Ander-
son HR, et al. Worldwide variations in prevalence of symptoms of aller-
gic rhinoconjunctivitis in children: the International Study of Asthma and
Allergies in Childhood (ISAAC). Pediatr Allergy Immunol 1997;8:
161-76.

5. Phipatanakul W. Allergic rhinoconjunctivitis: epidemiology. Immunol
Allergy Clin North Am 2005;25:263-81, vi.

6. Corren J. Allergic rhinitis and asthma: how important is the link?
J Allergy Clin Immunol 1997;99(suppl):S781-6.

7. Vignola AM, Chanez P, Godard P, Bousquet J. Relationships between
rhinitis and asthma. Allergy 1998;53:833-9.

8. Dixon AE, Kaminsky DA, Holbrook JT, Wise RA, Shade DM, Irvin CG.
Allergic rhinitis and sinusitis in asthma: differential effects on symptoms
and pulmonary function. Chest 2006;130:429-35.

9. Guerra S, Sherrill DL, Martinez FD, Barbee RA. Rhinitis as an indepen-
dent risk factor for adult-onset asthma. J Allergy Clin Immunol 2002;
109:419-25.

10. Leynaert B, Bousquet J, Neukirch C, Liard R, Neukirch F. Perennial rhi-
nitis: an independent risk factor for asthma in nonatopic subjects: results
from the European Community Respiratory Health Survey. J Allergy
Clin Immunol 1999;104:301-4.

11. Settipane RJ, Hagy GW, Settipane GA. Long-term risk factors for devel-
oping asthma and allergic rhinitis: a 23-year follow-up study of college
students. Allergy Proc 1994;15:21-5.

12. Zapletal A, Paul T, Samanek M. [Significance of contemporary methods
of lung function testing for the detection of airway obstruction in children
and adolescents (author’s translation)]. Z Erkr Atmungsorgane 1977;149:
343-71.

13. de Marco R, Pattaro C, Locatelli F, Svanes C. Influence of early life ex-
posures on incidence and remission of asthma throughout life. J Allergy
Clin Immunol 2004;113:845-52.

14. Burgess JA, Walters EH, Byrnes GB, Wharton C, Jenkins MA, Abram-
son MJ, et al. Who remembers whether they had asthma as children?
J Asthma 2006;43:727-30.

15. Rothman KIJ, Greenland S. In: Modern epidemiology. 2nd ed. Philadel-
phia: Lippincott; 1998. p. 295.

16. Australian Bureau of Statistics. Australian standard classification of oc-
cupations 1997. Belconnen. ACT. 2616. Available at: http://www.abs.
gov.au. Accessed January 13, 2007.

17. Levin ML. The occurrence of lung cancer in man. Acta Unio Int Contra
Cancrum 1953;9:531-41.


http://www.abs.gov.au
http://www.abs.gov.au

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER mm

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. StataCorp. Stata statistical software, release 9.1. College Station (TX):

Stata Corp; 2005.

. Pedersen PA, Weeke ER. Asthma and allergic rhinitis in the same pa-

tients. Allergy 1983;38:25-9.

Grossman J. One airway, one disease. Chest 1997;111(suppl):11S-6S.
Huxley EJ, Viroslav J, Gray WR, Pierce AK. Pharyngeal aspiration in
normal adults and patients with depressed consciousness. Am J Med
1978;64:564-8.

Kohi F, Miyagawa H, Agrawal DK, Bewtra AK, Townley RG. Genera-
tion of leukotriene B4 and C4 from granulocytes of normal controls,
allergic rhinitis, and asthmatic subjects. Ann Allergy 1990;65:228-32.
Naclerio RM, Baroody FM, Togias AG. The role of leukotrienes in aller-
gic rhinitis: a review. Am Rev Respir Dis 1991;143(suppl):S91-5.
Fontanari P, Burnet H, Zattara-Hartmann MC, Jammes Y. Changes in
airway resistance induced by nasal inhalation of cold dry, dry, or moist
air in normal individuals. J Appl Physiol 1996;81:1739-43.

Yan K, Salome C. The response of the airways to nasal stimulation in
asthmatics with rhinitis. Eur J Respir Dis Suppl 1983;128:105-9.
Corren J, Adinoff AD, Irvin CG. Changes in bronchial responsiveness
following nasal provocation with allergen. J Allergy Clin Immunol
1992;89:611-8.

Shturman-Ellstein R, Zeballos RJ, Buckley JM, Souhrada JF. The bene-
ficial effect of nasal breathing on exercise-induced bronchoconstriction.
Am Rev Respir Dis 1978;118:65-73.

Corren J. The impact of allergic rhinitis on bronchial asthma. J Allergy
Clin Immunol 1998;101(suppl):S352-6.

Hill AB. The environment and disease: association or causation? Proc R
Soc Med 1965;58:295-300.

Rothman KJ, Greenland S. In: Modern epidemiology. 2nd ed. Philadel-
phia: Lippincott; 1998. p. 27.

Kemp A, Kakakios A. Asthma prevention: breast is best? J Paediatr
Child Health 2004;40:337-9.

Lowe AJ, Carlin JB, Bennett CM, Abramson MJ, Hosking CS, Hill DJ,
et al. Atopic disease and breast-feeding-cause or consequence? J Allergy
Clin Immunol 2006;117:682-7.

34.

35.

36.

38.

39.

40.

41.

42.

Burgess et al 7

33. Van Odijk J, Kull I, Borres MP, Brandtzaeg P, Edberg U, Hanson LA,

et al. Breastfeeding and allergic disease: a multidisciplinary review of
the literature (1966-2001) on the mode of early feeding in infancy and
its impact on later atopic manifestations. Allergy 2003;58:833-43.
Oddy WH, Holt PG, Sly PD, Read AW, Landau LI, Stanley FJ, et al.
Association between breast feeding and asthma in 6 year old children:
findings of a prospective birth cohort study. BMJ 1999;319:815-9.
Wright AL, Holberg CJ, Taussig LM, Martinez FD. Factors influencing
the relation of infant feeding to asthma and recurrent wheeze in child-
hood. Thorax 2001;56:192-7.

Sears MR, Greene JM, Willan AR, Taylor DR, Flannery EM, Cowan JO,
et al. Long-term relation between breastfeeding and development of
atopy and asthma in children and young adults: a longitudinal study.
Lancet 2002;360:901-7.

. Robertson CF, Dalton MF, Peat JK, Haby MM, Bauman A, Kennedy JD,

et al. Asthma and other atopic diseases in Australian children. Australian
arm of the International Study of Asthma and Allergy in Childhood. Med
J Aust 1998;168:434-8.

Remes ST, Pekkanen J, Remes K, Salonen RO, Korppi M. In search of
childhood asthma: questionnaire, tests of bronchial hyperresponsiveness,
and clinical evaluation. Thorax 2002;57:120-6.

Jenkins MA, Clarke JR, Carlin JB, Robertson CF, Hopper JL, Dalton
MEF, et al. Validation of questionnaire and bronchial hyperresponsiveness
against respiratory physician assessment in the diagnosis of asthma. Int J
Epidemiol 1996;25:609-16.

Camargo CA Jr, Weiss ST, Zhang S, Willett WC, Speizer FE. Prospec-
tive study of body mass index, weight change, and risk of adult-onset
asthma in women. Arch Intern Med 1999;159:2582-8.

Silver EJ, Crain EF, Weiss KB. Burden of wheezing illness among U.S.
children reported by parents not to have asthma. J Asthma 1998;35:
437-43.

Panhuysen CI, Bleecker ER, Koeter GH, Meyers DA, Postma DS. Char-
acterization of obstructive airway disease in family members of probands
with asthma. An algorithm for the diagnosis of asthma. Am J Respir Crit
Care Med 1998;157:1734-42.



	Childhood allergic rhinitis predicts asthma incidence and persistence to middle age: A&nbsp;longitudinal study
	Methods
	Study population and data collection
	Definitions
	Covariate definitions
	Analytic methods

	Results
	Prevalence of allergic disorders
	Childhood allergic rhinitis and childhood asthma
	Childhood allergic rhinitis and asthmanbspincidence
	Childhood allergic rhinitis and persistingnbspasthma

	Discussion
	References


