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ABSTRACT: Predicting adult asthma, using childhood characteristics, is important for
advising on prognosis and, potentially, for secondary prevention. A novel use of
multivariate likelihood ratios (LRs) to quantify prognosis is described here.

Of 718 subjects of a community-based cohort, 575 (80%) members were recruited at
age 8–10 yrs and were re-assessed 15–17 yrs later. At baseline, information about
symptoms, spirometry, histamine challenge and skin-prick tests were collected. At
follow-up "asthma symptoms" were defined as wheeze, sleep disturbance from asthma or
inhaled steroid use within the previous year. LRs were calculated for significant
predictors of this outcome. Shinkage factors were applied to yield multivariate LRs.

Childhood characteristics that independently predicted asthma symptoms in
adulthood were obstructive spirometry (adjusted (adj)LR 2.9, 95% confidence interval
(CI) 1.3–6.5), airway hyperresponsiveness (adjLR 2.6, 95% CI 1.8–3.7), atopy (adjLR
2.0, 95% CI 1.5–2.7), recent wheeze (adjLR 1.9, 95% CI 1.5–2.5) and being female
(adjLR 1.29, 95% CI 0.8–2.1). Children with all five characteristics had a cumulative
LR of 36.9 for asthma symptoms in adulthood.

Most adults who had asthma symptoms did not have manifestations of asthma as
children. However, the presence of obstructive spirometry, airway hyperresponsiveness
and atopy in childhood identifies individuals with increased likelihood of having asthma
in adulthood. Cumulative likelihood ratios are more valuable than odds ratios for
quantifying risk in individuals and for identifying people with most to gain from
preventive interventions.
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There are several reasons for identifying childhood charac-
teristics that predict the subsequent likelihood of having
asthma. Parents often request simple prognostic information
from doctors dealing with their allergic and wheezy children.
Such information is valuable in targeting treatments and pre-
ventive interventions at a high-risk population group. Finally,
identifying the childhood antecedents of adult asthma would
improve the understanding of the mechanisms underlying
this disease. This information can only be gained by follow-
ing cohorts over a period that encompasses the transition
from childhood to adult life. There have been relatively few
such studies.

Several existing cohort studies, some based on general
population cohorts of children and others based on cohorts of
children with various forms of asthma, have been reported
from Australia [1–3], New Zealand [4], the UK [5, 6] and the
Netherlands [7]. Important conclusions from these studies are
that children with asthma or asthma-like symptoms who have
more frequent symptoms are more likely to have disease
persisting into adult life [8], and that the presence, during
childhood, of atopy, airway hyperresponsiveness (AHR) and
airflow obstruction [9, 10], predicts either the persistence of
childhood asthma symptoms or their onset in adult life.
Furthermore, the presence of AHR during childhood is
associated with the development of airflow obstruction during
subsequent lung growth and development [9], and all of the
above features, together with early onset of symptoms and
low lung function, predict an increased risk of subsequent
hospitalisation among children with a history of wheeze [11].

Existing forms of data presentation do not allow the
application of these data to the quantitative assessment of
prognosis in an individual child. Likelihood ratios (LRs) have
been popularised as a tool to assist in clinical diagnosis by
quanifying the extent to which a specific test result increases
or decreases the prior odds that disease is present [12]. Several
nonindependent clinical findings can be incorporated into a
diagnostic algorithm by using a multivariate method to derive
independent likelihood ratios [13, 14]. In the analysis
presented here, using data from the Belmont cohort study,
this method has been adapted to the assessment of prognosis.

The aim of this report is to present an algorithm for
predicting, on the basis of childhood characteristics, whether
an individual will manifest asthma symptoms in adult life.
The predicting algorithm incorporates a range of factors and
is applicable in children with, and without, diagnosed asthma.
The algorithm may be used to quantitatively predict the
prognosis for asthma outcomes in individual children.

Methods

Subjects

The subjects were members of a cohort of 718 children aged
8–10 yrs who were recruited in the winter months (June and
July) of 1982 from a random selection of primary schools in
the Belmont region of New South Wales [3]. The initial
participation rate was 87% of eligible subjects. The cohort
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was followed up each second year until 1992 and then again in
1997–1999. During 1997–1999, y80% of the tests were
conducted during the winter months. All studies were
approved by the Research Ethics Committee of the University
of Sydney. Informed consent was obtained from all subjects
or their parents prior to each study.

Respiratory symptoms, family history, asthma
management and morbidity

In 1982, a questionnaire was completed by the subjects9
parents. During 1997–1999 the subjects, now adults, com-
pleted the questionnaire themselves. At both studies, stan-
dardised questions asked whether the subject had ever had
wheeze, wheeze during or after exercise, or night cough. They
were asked whether they had ever used any medication for
asthma or had ever had asthma diagnosed by a doctor. Those
who had ever had symptoms were also asked if they had these
symptoms in the preceding 12 months, i.e. recent symptoms.
The initial questionnaire also collected data on family history
of asthma, eczema and rhinitis. During 1997–1999, more
detailed questions about medication use, sleep disturbance,
activity limitation and need for urgent medical assistance were
included.

Lung function and airway responsiveness

In 1982 spirometric function was measured using Vitalo-
graph dry-bellows spirometers (Vitalograph Ltd, Bucking-
ham, UK) and tracings read manually. Forced expiratory
manoeuvres were repeated until two readings of forced
expiratory volume in one second (FEV1) and forced vital
capacity (FVC) within 100 mL were obtained, of which the
largest value was used in analyses. Subjects who had taken a
b-agonist within 6 h of presenting were asked to withhold
medication before returning for later testing. Subjects with
an FEV1/FVC ratio of v0.8 prior to bronchodilator were
classified as having obstructive spirometric function.

A histamine inhalation test was administered using the
rapid method [15]. In 1982, histamine was administered
using De Vilbiss no 40 (Sunrise Medical, Carlsbad, CA, USA)
glass hand-held nebulisers in doubling or quadrupling
doses starting at 0.03 mmol. AHR was defined as a o20%
fall in FEV1 at at cumulative histamine dose of f3.9 mmol.
Subjects who had a baseline FEV1 of v60% were not given
histamine but instead were given 200mg of salbutamol, and
10 min later lung function was again measured. An increase
in FEV1 of o15% was taken as a positive bronchodilator
response [16] and these subjects were also classified as having
AHR.

Atopy

Skin-prick test reactions to common allergens were
measured on the forearm [17]. The allergens used in 1982
were: Dermatophagoides farinae and D. pteronyssinus, house
dust, cat dander, cockroach, ryegrass, plantain and Alternaria
tenuis (Hollister-Stier). Histamine and glycerol were used as
positive and negative controls. Weal size was recorded as the
long axis and its perpendicular and mean weal size was used
in analyses. A mean weal size of o3 mm was considered a
positive test result. Subjects with a positive response to any
one or more allergens were defined as atopic.

Definitions of asthma in adult life

Two clinical definitions of asthma were utilised as out-
comes, based on responses to the 1997–1999 questionnaire.
Subjects were classified as having "asthma symptoms" if they
reported wheeze, sleep disturbance due to asthma or inhaled
steroid use in the 12 months prior to study. A subgroup of
these subjects were defined as having "troublesome asthma" if
they had had either a hospital attendance, an urgent doctor
visit, activity limitation or sleep disturbance due to asthma in
the 12 months prior to study.

Statistical analyses

Between-group means were compared using unpaired
t-tests and between-group proportions were compared using
the Chi-squared test. Multivariable logistic regression was
performed with stepwise selection of covariates. Variables
were kept in the model if their p-value wasv0.25. Odds ratios
(ORs) are reported with 95% confidence intervals (CI). For all
hypothesis tests, p-values v0.05 were regarded as statistically
significant.

For both outcomes, i.e. asthma symptoms and troublesome
asthma, LRs for the presence of each characteristic were
calculated as the ratio of the prevalence of the characteristic
among those who had the disease outcome to the prevalence
of the characteristic among those who did not have the
disease outcome. LRs for the absence of each characteristic
were calculated analogously, as using the proportion of
subjects without the characteristic among those with and
without the disease outcome. Multivariate, or independent,
LRs and CIs were calculated by adjusting the original,
univariate LRs using shrinkage factors derived from a
weighted multivariate logistic regression model [13, 14].

Results

Questionnaire data were available for 80% of the cohort at
age 23–27 yrs. Table 1 shows the childhood characteristics of
subjects who returned for follow-up during 1997–1999
compared with subjects who did not return for follow-up.
The table shows that there were no significant differences
between the groups in terms of age, prevalence of atopy,
recent wheeze, AHR or asthma diagnosis. Although a greater
proportion of females were tested during the 1997–1999
follow-up, this difference was not statistically significant.

Table 2 shows the unadjusted (univariate) and adjusted

Table 1. – Baseline characteristics of those who attended
follow-up as adults compared with those who were
unavailable for follow-up

Available for
follow-up

Not available
for follow-up

p-value

Subjects n 575 143
Females 49.0 (44.9–53.1) 41.3 (33.3–49.3) 0.09
Age yrs 8.5 (8.4–8.6) 8.6 (8.5–8.7) 0.6
Atopy 22.7 (19.3–26.1) 22.4 (15.6–29.2) 0.9
Recent wheeze 10.4 (7.9–12.9) 10.5 (5.5–15.5) 0.9
Airway

hyperresponsiveness
9.8 (7.3–12.2) 7.0 (2.8–11.2) 0.3

Diagnosis of asthma 9.5 (7.1–11.9) 7.8 (3.4–12.2) 0.5

Data are presented as percentage (95% confidence interval) unless
otherwise stated.
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(multivariate) ORs for childhood characteristics predicting
asthma symptoms and troublesome asthma in adulthood.
There were 200 subjects (34.7% of the cohort) who had
asthma symptoms in adulthood. In the asthma symptoms
group, 95% had wheeze, 22% had used inhaled steroid and
35% had sleep disturbance at any time in the last 12 months.
A total of 82 of the 200 subjects with asthma symptoms
(14.3% of the cohort and 41% of the asthma symptoms group)
were classified as having troublesome asthma. In the
troublesome asthma group, 84% had sleep disturbance, 50%
had activity limitation, 11% had an urgent doctor visit and 7%
had a hospital attendance at any time during the last 12
months. Independent predictors of asthma symptoms in adult
life were being female and having atopy, AHR, recent wheeze
and abnormal FEV1/FVC ratio at age 8–10 yrs. Independent
predictors of troublesome asthma in adult life were being
female and having atopy, an abnormal FEV1/FVC ratio and
hayfever at age 8–10 yrs.

Table 3 shows the adjusted (multivariate) LRs for asthma
symptoms and troublesome asthma in adulthood for the
presence and absence of childhood characteristics that were
significant predictors in the multivariate models. The strong-
est, independent positive predictors of the presence of asth-
ma symptoms in adulthood were the presence of obstructive
spirometry and the presence of AHR in childhood. However,
only a minority of subjects with these outcomes in adult life
had the predictor characteristics present in childhood.

Consequently, the negative LRs were only slightly v1,
indicating that the absence of any attribute did not
substantially reduce the overall likelihood of having asthma
in adult life. The strongest positive predictors for troublesome
asthma were the presence of obstructive spirometry and atopy
in childhood. Being male was the strongest independent
predictive factor for the absence of troublesome asthma in
adult life.

Cumulative (or overall) multivariate LRs can be calculated
by making use of information about the presence or absence
of each particular childhood characteristic in an individual.
Table 4 depicts a sample of possible combinations for the
outcome of asthma symptoms. For example, a young female,
who is atopic, has AHR, recent wheeze and obstructive
spirometry, has a multivariate LR of 36.9 for having asthma
symptoms in adulthood. A young male who reports none of
these characteristics is much less likely to develop asthma
symptoms as an adult and has an LR of asthma symptoms in
adulthood of 0.48.

Discussion

This study has demonstrated that it is possible to predict
the likelihood of an individual manifesting various features of
asthma in adult life, based on characteristics that can be
assessed in childhood. It extends previous observations in this

Table 2. – Odds ratios (OR) for having asthma symptoms or troublesome asthma as young adults aged 23–25 yrs if the shown
characteristic was present at age 8–10 yrs

Childhood characteristic Asthma Symptoms (n=200) Troublesome Asthma ( n=82)

Unadjusted OR p-value Adjusted OR p-value Unadjusted OR p-value Adjusted OR p-value

Atopy 3.2 (2.1–4.9) v0.001 2.6 (1.6–4.0) v0.001 4.0 (2.5–6.6) v0.001 4.0 (2.3–7.2) 0.0001
AHR 5.1 (2.8–9.4) v0.001 2.9 (1.5–5.6) 0.002 3.7 (2.0–6.8) v0.001
Recent wheeze 4.1 (2.3–7.2) v0.001 2.1 (1.1–5.0) 0.02 4.0 (2.2–7.2) v0.001
FEV1/FVC ratio v80% 3.4 (1.3–8.6) 0.02 3.0 (1.0–9.1) 0.05 3.7 (1.4–9.8) 0.008 4.1 (1.4–12.3) 0.02
Female 1.3 (0.9–1.8) 0.2 1.7 (1.1–2.4) 0.008 1.9 (1.1–3.0) 0.01 3.2 (1.8–5.7) 0.0001
Diagnosed asthma 2.6 (1.5–4.6) 0.001 2.1 (1.1–4.0) 0.03
Eczema 1.6 (1.1–2.4) 0.03 2.2 (1.3–3.6) 0.003
Hayfever 2.6 (1.7–3.9) v0.001 4.1 (2.5–6.8) v0.001 2.9 (1.7–5.1) 0.0002
Bronchitis before age 2 yrs 1.9 (1.3–2.9) 0.002 2.4 (1.4–3.9) 0.002
Maternal asthma 1.2 (0.7–2.1) 0.5 1.1 (0.5–2.4) 0.8
Maternal allergies 1.1 (0.8–1.6) 0.5 1.5 (0.9–2.3) 0.1
Paternal asthma 1.6 (0.8–2.9) 0.2 2.4 (1.2–4.8) 0.02
Paternal allergies 1.0 (0.7–1.4) 0.9 1.2 (0.7–2.0) 0.4

Data are presented as OR (95% confidence interval) unless otherwise stated. AHR: airway hyperresponsiveness; FEV1: forced expiratory volume
in one second; FVC: forced vital capacity. Variables were included in the final model if pv0.05. The variables in the final model were adjusted for
each other.

Table 3. – Multivariate likelihood ratios (LR) for childhood characteristics predicting outcomes in adulthood

Childhood characteristics Asthma symptoms Troublesome asthma

With
characteristic %

LR present LR absent With
characteristic %

LR present LR absent

Atopy 36.7 2.02 (1.54–2.66) 0.79 (0.67–0.94) 47.6 2.56 (1.77–3.72) 0.64 (0.47–0.88)
AHR 19.6 2.56 (1.78–3.67) 0.89 (0.79–1.01)
Wheeze in last 12 months 19.5 1.92 (1.46–2.53) 0.92 (0.83–1.02)
Obstructive spirometry 5.5 2.88 (1.27–6.53) 0.96 (0.83–1.12) 8.5 4.36 (1.72–11.04) 0.93 (0.73–1.18)
Female 53.0 1.29 (0.78–2.13) 0.77 (0.46–1.30) 62.2 1.69 (0.96–2.89) 0.53 (0.27–1.06)
Hayfever 45.6 2.14 (1.59–2.89) 0.72 (0.57–0.91)

Data are presented as LR (95% confidence interval) unless otherwise stated. For asthma symptoms, there were 200 subjects and for troublesome
asthma, n=82. AHR: airway hyperresponsiveness.
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cohort describing risk factors for progression and remission
of atopy, wheeze and AHR during childhood [9]. The
multivariate LRs presented here, when used in combination,
will be valuable in providing individual prognostic informa-
tion and also in selecting and stratifying subjects for future
trials of preventive interventions.

The follow-up rate of 80% for this cohort indicates that
selection bias at the final follow-up study was minimised. The
majority of the 20% of subjects who were not available at
follow-up were uncontactable and there was no reason to
believe that this group differed significantly from those whom
the authors could contact. Furthermore, there was no
statistically significant difference in the baseline character-
istics of those who attended or were lost to follow-up.

The childhood characteristics identified as being significant
predictors of asthma in adulthood in this study were
consistent with the reports of other longitudinal studies. For
example, in the Tasmanian cohort study, being female, having
parents with asthma, and having eczema and/or airflow
obstruction at age 7 yrs, were significant independent
predictors of asthma at 29–32 yrs of age [10]. In the Dutch
longitudinal study of 119 asthmatic children, low lung
function and the presence of AHR were both significant
predictors of current asthma symptoms in adulthood [7].
Hence, there are external data to support the validity of the
multivariate model on which the LRs are based. There are few
comparable published data on predictors of troublesome
asthma. Among a New Zealand cohort of subjects who had
wheezed at any time, atopy, low lung function and AHR were
all predictors of hospital admission and, in contrast to the
present findings, being male was also a predictor of this
adverse outcome [11].

The present study found that the presence and absence of
predictive characteristics were not symmetrical in their impact
on risk of asthma outcomes. Although the presence of atopy,
recent wheeze, abnormal FEV1/FVC ratio and AHR sub-
stantially increased the odds of having asthma in adulthood,
their absence had a much smaller impact in reducing the odds.
Most adults who had asthma symptoms in 1997–1999 had
neither atopy, recent wheeze, AHR nor abnormal lung
function during childhood. This is consistent with the
previous observation in that cohort indicating that propensity
to develop asthma is not necessarily expressed by the time a
child is 8–11 yrs of age [9].

The effect of treatment on asthma outcomes has not been
addressed in this paper. Very few of the children were using
inhaled steroids during 1982. Also, of the 200 participants
who were classified as having asthma symptoms in adulthood,
only 44 (22%) had used inhaled steroids in the previous 12
months. Of the 82 participants who were classified as having

troublesome asthma, only 34 (42%) had used inhaled steroids
in the previous 12 months. This suggests that asthma was
undermanaged in this cohort and may help to explain the high
proportion of participants who were classified as having
troublesome asthma. More appropriate treatment of child-
hood asthma may help to reduce the burden of asthma in
adulthood [10, 18]. In the future, the study of prospective
cohorts will assist with the assessment of whether more
aggressive management leads to a reduction in the incidence
and/or severity of asthma.

A novel feature of this study is the estimation of
multivariate LRs. The fact that the LRs have been adjusted
for each other means that they are independent of each other
and can be multiplied together to give an overall LR [13] for
an individual. JAESCHKE et al. [19] have published a useful
article to describe the interpretation of an LR in a clinical
setting [19]. For any individual, the overall LR is calculated
by multiplying together the LRs corresponding to the
combination of characteristics observed in that individual.
Examples for the outcome asthma symptoms are shown in
table 4. This overall individual LR represents the extent to
which the prior odds of the outcome are increased (if LRw1)
or decreased (if LRv1) by information about the risk factors.
In this context, and in the absence of any additional
information about the individual9s risk status, the prior
odds can be regarded as a simple transformation of the
population prevalence of the outcome, and hence the
probability of an individual having the outcome can be
deduced. Confirmation of the validity of this prediction model
presented here will require replication in another, independent
population.

To conclude, the authors found that in individuals with
wheeze during childhood, those mostly likely to have pro-
blems with asthma in adult life, and hence with most to gain
from preventive interventions, were those who had obstruc-
tive spirometry, airway hyperresponsiveness and atopy. This
confirms the central role of these characteristics in the
underlying mechanisms of asthma and the algorithm
described here may be used to quantitatively predict the
prognosis for asthma outcomes in individual children.
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Table 4. – Examples of the estimation of cumulative (overall) multivariate likelihood ratios (LR) for the prediction of "asthma
symptoms" in adulthood, based on various combinations of characteristics in childhood

Atopy AHR Recent wheeze Obstructive spirometry Female Cumulative
multivariate LR

Present LR Present LR Present LR Present LR Present LR

Yes 2.02 Yes 2.56 Yes 1.92 Yes 2.88 Yes 1.29 36.9
Yes 2.02 Yes 2.56 Yes 1.92 Yes 2.88 No 0.77 22.0
Yes 2.02 Yes 2.56 Yes 1.92 No 0.96 Yes 1.29 12.3
Yes 2.02 Yes 2.56 No 0.92 No 0.96 No 0.77 3.5
No 0.79 Yes 2.56 Yes 1.92 No 0.96 Yes 1.29 4.8
Yes 2.02 No 0.89 No 0.92 No 0.96 No 0.77 1.2
No 0.79 No 0.89 No 0.92 No 0.96 Yes 1.29 0.80
No 0.79 No 0.89 No 0.92 No 0.96 No 0.77 0.48

AHR: airway hyperresponsiveness.
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