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Abstract
Objective-To determine which factors measured

in childhood predict asthma in adult life.
Design-Prospective study over 25 years of a birth

cohort initially studied at the age of 7.
Setting-Tasmania, Australia.
Subjects-1494 men and women surveyed in

1991-3 when aged 29 to 32 (75%/ ofa random stratified
sample from the 1968 Tasmanian asthma survey of
children born in 1961 and at school in Tasmania).
Main outcome measures-Selfreported asthma or

wheezy breathing in the previous 12 months (current
asthma).
Results-Of the subjects with asthma or wheezy

breathing by the age of7, as reported by their parents
25 6% (190/741) reported current asthma as an adult
compared with 108%/o (81/753) of subjects without
parent reported childhood asthma (P<0.001).
Factors measured at the age of 7 that independently
predicted current asthma as an adult were being
female (odds ratio 1-57; 95%/ confidence interval 1419
to 2.08); having a history of eczema (1.45; 1-04 to
2.03); having a low mild forced expiratory flow rate
(interquartile odds ratio 1-40; 1.15 to 1.71); having a
mother or father with a history ofasthma (1-74 (1-23
to 2.47) and 1'68 (1.18 to 2.38) respectively); and
having childhood asthma (1.59; 1 10 to 2.29) and, if
so, having the first attack after the age of2 (1.66; 1I17
to 2.36) or having had more than 10 attacks (1.70;
1.17 to2248).
Conclusion-Children with asthma reported by

their parents in 1968 were more likely than not to be
free of symptoms as adults. The subjects who had
more severe asthma (especially if it developed after
the age of 2 and was associated with reduced
expiratory flow), were female, or had parents who
had asthma were at an increased risk of having
asthma as an adult. These findings have implications
for the treatment and prognosis ofchildhood asthma,
targeting preventive and educational strategies, and
understanding the onset ofasthma in adult life.

Introduction
Few population based and truly prospective cohort

studies have been published of the natural course of
asthma from childhood to adult life.' The onset of
asthma is often preceded by allergic disease (eczema or
hay fever) and a positive result of skin tests with
allergens (atopy). Impaired lung function in child-
hood predicts asthmatic symptoms as a teenager,
although this association might be confounded by
undiagnosed asthma.4
Most studies of the long term prognosis of childhood

asthma have been based on selected groups of patients
with severe or moderate asthma and provide limited
information about the full range of the disease.'
Asthma is episodic, and, although remission may occur
during teenage years, it is uncommon after the age of
30.5 Predictors of asthma in adulthood include various
markers of initial severity," other atopic conditions,4 7 8
and a family history of asthma.7
We present findings from a follow up over 25 years of

random samples from a population survey of 7 year old
Tasmanian schoolchildren, designed to assess the

natural course of asthma.9 Measures of respiratory
function, history and family history of asthma and
allergy, and parental smoking were recorded for all but
1% of the population in 1968. We resurveyed the
subjects in 1991-3 to study onset and prognosis and the
extent to which childhood factors predict asthma in
adult life.

Methods
1968 TASMANIAN ASTHMA SURVEY

In 1968 the parents of all 8683 children born in 1961
and attending school in Tasmania were asked to
complete questionnaires on their and their children's
history of respiratory symptoms and asthma. The
survey aimed to study the natural course of asthma,
asking about easily described and recognisable
symptoms so as not to rely on diagnoses.9 Returns for
99% ofthe children were received.'0

Questions relevant to the current analysis are given
in the appendix. Children for whom the answer to
question 1 ("Has he or she at any time in his or her life
suffered from attacks of asthma or wheezy breathing?")
was "cyes" were considered to have had childhood
asthma, and parents were asked about the recency,
frequency, age at onset, and number of -attacks
(questions 2 to 5). A history ofhay fever was determined
by question 6. Subjects were considered to have had a
history of eczema if they answered "yes" to question 7
or 8, about infantile and flexural eczema. In parents
asthma, hay fever, and smoking status were determined
by questions 9 to 11.

Forced expiratory volume in one second, vital
capacity, and mid forced expiratory flow were measured
with spirometry.

1991-3 TASMANIAN LONG TERM HEALTH SURVEY

During 1991-3, 2000 subjects in the birth cohort of
the Tasmanian asthma survey were selected at random
with a pseudorandom number generator (SAS)- 1000
from the 1349 subjects who had had childhood asthma
and 1000 from the 6993 who did not have childhood
asthma; in 341 subjects asthma status in childhood has
not been recorded. A questionnaire was sent between
July 1991 and February 1993 to the 1723 subjects for
whom addresses were available. As well as addressing
general health issues the questionnaire included items
based on those in the 1968 Tasmanian asthma survey.
"Current asthma" was defined as the occurrence of an
attack of asthma within the previous 12 months;
"current atopic asthma" as current asthma with current
hay fever or eczema; and "frequent asthma" as the
occurrence of more than 10 attacks in the previous 12
months. Subjects were not informed of the responses
their parents had given in 1968.

STATISTICAL METHODS

Multiple logistic regression with GLIM" was used to
study asthma as an adult as a function of factors
measured at the age of 7. Estimates of odds ratios,
standard errors, and confidence intervals were based
on asymptotic likelihood theory, and parsimonious
models were derived with procedures outlined by
Hosmer and Lemeshow."2 Analyses were performed
separately on subjects with and without childhood
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asthma as reported by their parents (parent reported
childhood asthma) and on the pooled data, with a
factor for childhood asthma to account for the stratified
sampling.
Each measurement oflung function was standardised

for height separately for both sexes, expressed as a
percentage of the predicted value, and modelled as
a continuous measurement. From a fitted logistic
regression line the predicted risk for a subject on
the 75th centile of lung function (ru) and for a
subject on the 25th centile (rl) was calculated.
The interquartile odds ratio was defined as rl(l-ru)/
(rj(1-rl)). Other factors were treated as binary vari-
ables. Missing values for conditions were coded as being
unaffected.
The prevalence in 1991-3 of a condition in the entire

birth cohort studied in 1968 was estimated by weighting
the prevalence in the two samples by 0d162 and 0-838 for
subjects with and without parent reported childhood
asthma respectively, with approximate standard errors
derived by the delta method.'3

Results
Questionnaires were returned by 1494 subjects

(86-7% response rate) representing 74 7% of the total
sample (74- 1% of those with childhood asthma and
75*3% of those without; 73-7% of men and 76-0% of
women). The respondents' ages ranged from 29 to 32
(mean 31 -0); their current place of residence was
Tasmania (1121 (75%)), Victoria (134 (9%)), New
South Wales (90 (6%)), elsewhere in Australia (134
(9%)), and outside Australia (15 (1%)).
Table I shows that, of the 741 subjects with parent

reported childhood asthma, 254 (34 3%) reported
onset of asthma by age 7 and 155 (20.90/o) reported
onset after age 7. Almost half of the subjects, therefore,
gave responses that contradicted those of their parents
in 1968. Of the 753 subjects without parent reported
childhood asthma, 24 (3-2%) gave responses that
contradicted those of their parents and 127 (1 6-9%)
reported that they had had asthma at some point in

TABLE i-Adults reporting asthma in 1991-3 by presence or absence ofparent reported asthma up to age of 7
and adjustedfor sampling. Values are numbers (percentages) unless stated othemise

Parent reported childhood No parent reported childhood
asthma asthma Overall* %

Selfreported asthma (1991-3) (n=741) (n=753) (SE)

Ever had asthma:
Men 252 (56-1) 54 (14-8) 21-5 (1-6)
Women 162 (55 5) 73 (18 8) 24-8 (1-7)
Total 414 (55 9) 127 (16-9) 23-2 (1-2)

Age at first attack (years):
< 7 254 (34-3) 24 (3 2) 8-2 (0-6)
7-14 58 (7 8) 29 (3 9) 4-5 (0 6)
15-21 35 (4 7) 15 (2 0) 2-4 (0 5)
>21 62 (8 4) 58 (7 7) 7-8 (0 8)

Current asthma:
Men 103 (22 9) 29 (8 0) 10-4 (1-2)
Women 87 (29 8) 52 (13-4) 16-1 (1-5)
Total 190 (25-6) 81 (10-8) 13-2 (1 0)

Frequent current asthma:
Men 29 (6 5) 3 (0-8) 1-7 (0 4)
Women 11 (3 8) 13 (3 4) 3-5 (0 8)
Total 40 (5 4) 16 (2-1) 2-6 (0 5)

Atopic current asthma:
Men 82(183) 21 (58) 7-8(1 1)
Women 74 (25 3) 41 (10-6) 13-0 (1-4)
Total 156 (21-1) 62 (8 2) 10-3 (0 9)

*Adjusted for sampling (see statistical methods).

their life. The estimated 1991-3 prevalences in adults
of current, frequent, and atopic asthma were sig-
nificantly higher in women than in men (P< 0 05).

Current asthma was reported by 25-6% (190/741) of
the subjects with parent reported childhood asthma
compared with 10% (81/753) of the subjects without
(odds ratio=2-86; 95% confidence interval 2 15 to
3 79). The proportions for current atopic asthma were
21-1% (156/741) and 8-2% (62/753) respectively (2-95;
2-15 to 4 04) and for current frequent asthma 5 4%
(40/741) and 2-1% (16/753) respectively (2-63; 1-46 to
4-74).
The proportion of subjects with parent reported

childhood asthma who reported current asthma
increased with (a) age at first attack (23% (104/456) for
<2, 30% (67/227) for 2 to 5, 33% (19/58) for >5;
P<0 05); (b) frequency of attacks (21% (73/346) for

1 a year, 30% (117/395) for > 1 a year, 32% (43/134)
for 2 1 a month, 41% (14/34) for 2 1 a fortnight;
P<0-001); and (c) total number of attacks (22%
(119/535) for < 10, 29% (32/112) for 11 to 20, 41%
(39/94) for >20; P<0-01) and decreased with time
since last attack (36% (36/100) for within the past
month, 30% (143/481) within the past year, 18%
(47/260) >1 year ago; P< 0 001).
Table II shows that childhood lung function was in

general lower, although not always significantly so, in
the subjects with current asthma, irrespective of
whether they had had parent reported childhood
asthma. Table III shows the proportion of subjects
with current asthma according to the presence or
absence of each risk factor. Odds ratio estimates of
risks for current asthma (except those of parental
smoking) were 2 1 and did not differ between the
subjects who had had parent reported childhood
asthma and those who had not, and, the lower
limit of the 95% confidence interval was close to or
greater than 1 in at least one of these two groups
of subjects.

In the subjects with parent reported childhood
asthma the independent risk factors were being female
(odds ratio 1 43; 1-01 to 2 02), first attack after the age
of 2 (1-71; 1-20 to 2 43), more than 10 attacks (1-77;
1-22 to 2 57), mid forced expiratory flow (interquartile
odds ratio 1-60; 1-25 to 2 06), maternal asthma (1-90;
1-28 to 2 82), and paternal asthma (1-61; 1-08 to 2.40).
After these factors were allowed for, the time since the
last attack (1-48; 0 99 to 2 24), hay fever (1 41; 0 98 to
2 03), vital capacity (interquartile odds ratio 1 20; 0.97
to 1-47), and paternal hay fever (1-45; 0 97 to 2-17)
were ofmarginal significance.

In the subjects without parent reported childhood
asthma the independent risk factors were being female
(175; 1-08 to 2 84), maternal hay fever (1 80; 1 07 to
3 03), and forced expiratory volume in one second
(interquartile odds ratio 1 42; 1-00 to 2 03), while
paternal asthma (2-02; 0 97 to 4-21) was of marginal
significance.
Table IV shows a parsimonious model fitted to the

combined data. The strengths of association were
independent of whether the subjects had had parent
reported childhood asthma. After the risk factors
shown in table IV were allowed for, the time since the
last attack (1-48; 0 99 to 2 24) was of marginal
significance, but the other lung function measures

TABLE II-Mean (SE) percentage predicted childhood lungfunction in 1968 for subjects with or without current asthma by presence or absence of
parent reported childhood asthma in 1968

Parent reported childhood asthma No parent reported childhood asthma

Lung function measure Current asthma No current asthma Difference Current asthma No current asthma Difference

Forced expiratoryvolume in one second 96-9 (1.2) 98-6 (0-7) 1-7 (1-4) 98-0 (1-5) 100-8 (0 5) 2-8* (1-6)
Midforcedexpiratoryflow 88-2 (1-8) 96-1 (1-1) 7 9** (2-0) 99-4 (2 8) 101-8 (0-9) 2-4 (3 0)
Vitalcapacity 100-2(1 1) 99 9(0-6) -0 3 (1-2) 97-6(1-6) 100-3 (0 5) 2-7* (1-6)

*P<0.10, **P<0.001.
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TABLE rn-Number (percentage) of subjects with current asthma according to presence or absence of each childhood risk factor, and odds ratios
(95% confidence interval) ofunivariate associations between current asthma and childhood riskfactors

Parent reported asthma as child No parent reported asthma as child

Current asthma Current asthma
Odds ratio Odds ratio

With Without (95% confidence With Without (95% confidence
Childhood risk factor factor factor interval) factor factor interval)

Being female 87/292 (298) 103/449 (22-9) 1-43 (1-02 to 1-99) 52/388 (13-4) 29/365 (80) 1-79 (1-12 to 2-88)
First attack after age of2 86/285 (30 2) 104/456 (22 8) 1-46 (1-05 to 2 04)
More than 10 attacks 71/206 (34 5) 119/535 (22 2) 1-84 (1-29 to 2-61)
More than one year since last

attack 143/481 (29 7) 47/260 (18-1) 1-92 (1-32 to 2 78)
More than one attack in past two

years 117/395 (29-6) 73/346 (21-1) 1-57 (1-13 to 2 20)
Hayfever 81/245 (33-1) 109/496 (22 0) 1-75 (1-25 to 2 46) 8/63 (12-7) 73/690 (10-6) 1-23 (0 53 to 2 67)
Eczema 63/202 (31 2) 127/539 (23-6) 1 47 (1 03 to 2 10) 12/69 (17-4) 69/684 (10-1) 1 88 (0-96 to 3 67)
Forced expiratory volume in

one second 49/177 (27 7) 37/145 (25 5) 1-22 (0 99 to 1-50)* 21/137 (15-3) 13/151 (8-6) 1 40 (0 99 to 1-98)
Mid forced expiratoryflow 71/220 (323) 14/107 (13-1) 1-58 (1-25 to 2-00)* 19/158 (120) 16/184 (87) 1-15 (0-84 to 1-59)
Vital capacity 52/180 (28 9) 50/185 (27 0) 1-00 (0-83 to 1-20)* 31/180 (17-2) 15/181 (8 3) 1-34 (0-98 to 1-82)
Matemal asthma 56/158 (35 4) 134/583 (23-0) 1-84 (1-26 to 2-69) 8/60 (13-3) 73/693 (10-5) 1-31 (0-60 to 2-84)
Patemal asthma 52/152 (34 2) 130/563 (23-1) 1-70 (1-16 to 2 50) 10/56 (17-9) 71/697 (10-2) 1-92 (0-93 to 3 96)
Matemalhayfever 65/238 (273) 124/503(24.9) 1-14 (0-80 to 1-61) 24/152 (15-8) 57/601 (95) 1-79 (1-07 to 2-99)
Patemalhayfever 60/178 (33-7) 130/563 (23-1) 1-69 (1-17 to 2-44) 14/98 (14-3) 67/655 (10-2) 1-46 (0-79 to 2-70)
Matemal smoking 78/286 (27 3) 112/455 (24 6) 1-15 (0-82 to 1-61) 21/247 (8 5) 60/506 (11 9) 0-69 (0-41 to 1-16)
Patemal smoking 105/432 (24 3) 85/309 (27 5) 0-85 (0-61 to 1-18) 40/426 (9 4) 41/327 (12-5) 0-72 (0-46 to 1-14)

*Interquartile odds ratio (see statistical methods).

(forced expiratory volume in one second and vital
capacity) had negligible effect (1 01 (0-81 to 1-28) and
1-03 (0-86 to 1-22) respectively).
We predicted from the parsimonious model that a

child with none of the risk factors shown in table IV
had a 7% chance of having current asthma as an adult.
Each risk factor was associated with about a 50%
increase in risk. For a child with one risk factor the
chance was 11%, with two 16%, with three 24%, with
four 34%, and so on. This predicted chance was greater
than 50% in only 0-5% of all the children and in 5% of
the children with parent reported asthma.

TABLE Iv-Odds ratios (95% confidence intervals) for associations
between risk factor reported during childhood and current asthma for
parsimonious multivariate models. All risk factors are binary, and lung
function measures are for subjects on 25th centile versus those
on 75th centile

Odds ratio for
Childhood risk factor parsimonious model

History ofasthma (up to age of 7) 1-59 (1-10 to 2 29)
Being female 1-57 (1 19 to 2 08)
First attack afterage of2 1 66 (1-17 to 2-36)
More than 10 attacks 1 70 (1 17 to 2 48)
Eczema 1 45 (1 04 to 2 03)
Mid forced expiratory flow* 1-40 (1-15 to 1 70)
Matemal asthma 1 74 (1 23 to 2 47)
Patemal asthma 1-68 (1 18 to 2 38)

*Interquartile odds ratio (see statistical methods).

Current atopic asthma had the same independent
risk factors as those for current asthma (table IV), plus
hay fever (1 66; 1 X 17 to 2 35). Frequent current asthma
was predicted by onset of asthma after the age of 2,
more than 10 attacks of asthma up to the age of 7, and
hay fever or eczema as a child.

Discussion
This study shows that for children who were 7 years

old in 1968 the independent predictors for having
symptoms of asthma as an adult were being female and
having atopy, reduced lung function, parents with a
history of asthma, and a history of asthmatic symptoms
in childhood themselves, especially if their symptoms
were severe and began after the age of 2.
The most common risk factor was being female.

Although boys were more likely than girls to have had
asthma by the age of 7 (19-0% v 13-2%; P<0-001),"'
women were more likely than men to have current,
frequent, and atopic asthma. Similar reversals in sex
ratios between childhood and adulthood were observed
in a study of hospital admissions'4 and in health census

data."5 That differences between the sexes might be
due to pubertal hormonal changes has been discussed'4
with reference to animal studies and a report of high
hormone concentrations in women with asthma.'6 We
found that childhood atopy predicts frequent and
atopic asthma as an adult, which confirms the findings
of a 16 year follow up of7 year olds living in Britain.2
The Tasmanian asthma surveys have shown that

childhood lung function can predict asthma as an
adult. Earlier follow ups showed that 7 year old
children without asthma were more likely to develop
asthmatic symptoms over the next six years if their mid
forced expiratory flow was low rather than normal.4 We
extended this to show that low mid forced expiratory
flow at the age of7 also predicted asthma in adult life up
to 25 years later. Reduced flow indicates narrowing of
the small airways and is considered to be a measure
of the severity of airflow limitation in people with
asthma.'7
We studied familial aggregation of self reported

asthma as an adult in parent-offspring pairs measured
at about the same age. The increased risk associated
with a parental history (odds ratio about 1 7) is
aetiologically important; theoretical considerations
suggest that underlying susceptibility factors must
exist which have associated risks at least an order of
magnitude greater.'8 19 If familial aggregation is due to
many genetic loci (a polygenic factor) then the risk is
about 20 times greater for people in the upper
quarter of genetic susceptibility than for those in
the lower quarter.20 Some of this association could
be due to continuing familial associations in environ-
mental factors. Although few children still lived with
their parents, over 90% still lived in Tasmania or the
other southern states ofAustralia.

Severe childhood asthma predicted asthma as an
adult, which suggests that minimising the severity and
especially the number of attacks (by drug treatment
and avoidance of factors that trigger attacks) might
prevent symptoms in later life. A study of the long term
effects of the use of corticosteroids showed that
symptoms in people with severe asthma were reduced
if attacks ofasthma were prevented.2'
Onset of parent reported asthma or wheezing before

the age of 2 did not predict asthma as an adult. Infants
with wheeze do not exhibit bronchial hyperresponsive-
ness to histamine22 and therefore may not have asthma.
Their wheeze may be due to small airways disease or
obstructive lesions of the trachea or major bronchi."
Two thirds of the subjects with parent reported

childhood asthma reported that they had not had
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Clinical implications

* Asthmatic symptoms in childhood may abate
during teenage years, although asthma may
occur for the first time after childhood
* Asthma in children and young adults is often
preceded by an allergy, and impaired lung
function as a child predicts asthmatic symptoms
as a teenager
* This study shows that three quarters of all
subjects aged 29-32 who had had asthma in
childhood had had no asthmatic symptoms as
adults
* Childhood risk factors for having asthmatic
symptoms at age 29-30 were being female and
having eczema, a parent with asthma, poor
lung function, and asthma, especially if it was
frequent
* High risk groups can be used as targets for
preventive strategies

asthma by the age of 7 (see table I), which indicated
that they did not know, had forgotten, or refused to
disclose whether they had had it. This finding confirms
the unreliability of prevalence surveys for ascertaining
the proportion of subjects with a history of wheeze2 and
supports our choice of asthma in the past 12 months as
the most relevant outcome measure.
Of the subjects without parent reported childhood

asthma, 16% (95% confidence interval 14% to 20%)
reported that they had had asthma at some point in
their life. If these symptoms had developed over the
intervening 25 years the average annual incidence
would have been 0-6% (0 5% to 0-7/o) a year, which
would be with incidences found in other
cohort studies.'
Three in every four subjects with parent reported

asthma were free of asthmatic symptoms in adult life;
one in every nine subjects without parent reported
asthma, however, had developed symptoms during the
intervening 25 years. Given that in the 1968 Tasmanian
asthma survey there were five times fewer children
with parent reported asthma than children without,'0
only one third of 30 year old subjects with asthma had
had asthma before the age of 7. If childhood asthma
was underreported by parents in 1968, however, this
estimate would be too low.

CONCLUSION

In conclusion, we have identified substantial risk
factors from a 25 year prospective study designed to
assess the natural course of asthma and based on a
population based birth cohort with a good, unbiased
response rate. The probability of children with asthma
suffering asthma as adults might be reduced by
maintaining lung function and limiting the severity
and number of attacks during childhood. High risk
groups, such as girls with asthma with poor lung
function and a family history of asthma, can be
identified from table IV and used as targets for
preventive strategies. In most cases, childhood asthma
did not seem to persist, which may be comforting for
children with asthma and their parents, and most
asthma in these adults in the early 1l990s seems to have
developed after the age of 7. These findings have
implications for the treatment and prognosis of
childhood asthma, for understanding the onset of
asthma in adults, and for focusing health education
about asthma.
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Choi, Peggy Johnson, Mary Tuohey, and others for helping to
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Appendix
Questionnairefor child
1 Has he or she at any time in his or her life suffered from

attacks of asthma or of wheezy breathing? (Note: Please
regard "asthma" and "wheezy breathing" as being much
the same thing for this survey; we do not ask you to try to
tell the difference.)

2 How long is it since the last attack?
3 On average (as near as you can say), how often do these

attacks tend to occur (over the last 2 years or so)?
4 At what age did these attacks begin?
5 Since the attacks began, approximately how many has he

or she had altogether?
6 Does he or she get attacks of "hay fever" (that is, sneezing,

running or blocked nose, sometimes with itchy eyes or
nose)?

7 Did he or she have infantile (baby) eczema?
8 Has he or she ever had eczema in the creases (bends) of

elbows, wrists, or knees?

Questionnaireforparents
9 Have you ever had asthma or attacks of wheezing like

asthma?
10 Have you ever suffered from "hay fever"?
11 Do you smoke every day (or six days out of seven)?

1 Burr ML. Epidemiology of asthma. MonogrAllergy 1993;31:80-102.
2 Anderson HR, Pottier AC, Strachan DP. Asthma from birth to age 23:

incidence and relation to prior and concurrent atopic disease. Thorax
1992;47:537-42.

3 Sherman CB, Tosteson TD, Tager IB, Speizer FE, Weiss ST.-Early childhood
predictors of asthma. AmJEpidemiol 1990;132:83-95.

4 Giles GG, Gibson HB, Lickiss N, Shaw K. Respiratory symptoms in
Tasmanian adolescents: a follow up of the 1961 birth cohort. Aust NZJ Med
1984;14:631-7.

5 Bronnimann S, Burrows B. A prospective study of the natural history of
asthma and hay fever. Remission and relapse rates. Chest 1986;90:480-4.

6 Anderson HR, Bland JM, Patel S, Peckham CS. The natural history of asthma
in childhood.JEpidemiol Community Health 1986;40:121-9.

7 Blair H. Natural history of childhood asthma: 20 year follow up. Arch Dis Child
1977;52:613-9.

8 Kelly WJW, Hudson I, Phelan PD, Pain MC, Olinsky A. Childhood asthma in
adult life: a further study at 28 years of age. BMJ 1987;294:1059-62.

9 Gibson HB, Silverstone H, Gandevia B. Respiratory disorders in seven-year-
old children in Tasmania: aims, methods and administration of the survey.
MedjAust 1969;2:201-5.

10 Jenkins MA, Hopper JL, Flander LB, Carlin JB, Giles GG. The associations
between childhood asthma and atopy, and parental asthma, hay fever and
smoking. Paediatr Perinat Epidemiol 1993;7:67-76.

11 Baker RJ, Nelder JA. The GLIM system, release 3. Oxford: Numerical
Algorithms Group, 1978.

12 Hosmer DW, Lemeshow S. Applied logistic regression. New York: Wiley, 1980.
13 Kendall MG, Stuart A. The advanced theory of statistics. Vol 2. 3rd ed. London:

Charles Griffin, 1973:231-2.
14 Skobeloff RM, Spivey WH, St Clair SS, Schoffstall JM. The influence of age

and sex on asthma admissions.JAMA 1992;268:3437-40.
15 Flander LB, Gerber LM. Ethnic differences in asthma morbidity in children

and adults living in Hawaii. In: Proceedings of the lllth annual meeting of the
American Public Health Association. 1983:181.

16 Rubio RL, Rodriguez GB, Collazo JJ. Comparative study of progesterone,
estradiol, and cortisol concentrations in asthmatic and non-asthmatic
women. Allergol Immunopathol (Madr) 1988;16:263-6.

17 Phelan PD, Landau LI, Olinsky A. Respiratory illness in children. 2nd ed.
Boston: Blackwell Scientific, 1982.

18 Day NE, Simmons MJ. Disease susceptibility genes: their identification by
multiple case family studies. TissueAntigens 1976;8:109-19.

19 Peto J. Genetic predisposition to cancer. In: Caims J, Lyon JL, Skolnick M,
eds. Cancer incidence in defined populations. Cold Spring Harbor, New York:
Cold Spring Harbor Laboratory, 1980:203-13. (Banbury report No 4.)

20 Hopper JL, Carlin JB. Familial aggregation of a disease consequent upon
correlation between relatives in a risk factor measured on a continuous scale.
AmJEpidemiol 1992;136:1138-47.

21 Haahtela T, Jarvinen M, Kava T, Kiviranta K, Koskinen S, Lehtonen K, et aL
Comparison of a 32 agonist, terbutaline, with an inhaled corticosteroid,
budesonide, in newly detected asthma. NEnglJtMed 1991;325:388-92.

22 Stick SM, Arnort J, Tumrer DJ, Young 5, Landau LI, LeSouef PN. Bronchial
responsiveness and lung function in recurrently wheezy infants. Am Rev
RespirDis 1991;144:1012-5.

23 Stecenko AA, Hutchison AA. Phascinating physiology. Am Rev Respir Dis
1991;144:1008-1l1.

(Accepted 11 April 1994)

BMJ VOLUME 309 9 JULY 1994 93


