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ABSTRACT

Background Differences between early-onset and
late-onset adult asthma have not been comprehensively
described using prospective data.

Aims To characterise the differences between
early-onset and late-onset asthma in a longitudinal
cohort study.

Methods The Tasmanian Longitudinal Health Study
(TAHS) is a population-based cohort. Respiratory histories
and spirometry were first performed in 1968 when
participants were aged 7 (n=8583). The cohort was
traced and resurveyed from 2002 to 2005 (n=5729
responses) and a sample, enriched for asthma and
bronchitis participated in a clinical study when aged

44 (n=1389).

Results Of the entire TAHS cohort, 7.7% (95% Cl
6.6% to 9.0%) had early-onset and 7.8% (95% Cl
6.4% to 9.4%) late-onset asthma. Atopy and family
history were more common in early-onset asthma while
female gender, current smoking and low socioeconomic
status were more common in late-onset asthma. The
impact on lung function of early-onset asthma was
significantly greater than for late-onset asthma (mean
difference prebronchodilator (BD) FEV4/FVC —2.8%
predicted (—5.3 to —0.3); post-BD FEV{FVC —2.6%
predicted (—5.0 to —0.1)). However, asthma severity and
asthma score did not significantly differ between groups.
An interaction between asthma and smoking was
identified and found to be associated with greater fixed
airflow obstruction in adults with late-onset asthma. This
interaction was not evident in adults with early-onset
disease.

Conclusions Early-onset and late-onset adult asthma
are equally prevalent in the middle-aged population.
Major phenotypic differences occur with asthma age-of-
onset; while both share similar clinical manifestations,
the impact on adult lung function of early-onset asthma
is greater than for late-onset asthma.

INTRODUCTION

Asthma is a major global health problem and con-
tributes substantially to the worldwide burden of
disease.! While incidence and prevalence are

What is the key question?
» What are the differences between early-onset
and late-onset asthma in middle age?

What is the bottom line?

» Early-onset adult asthma is associated with
greater prebronchodilator and
postbronchodilator airflow obstruction,
nocturnal asthma symptoms and hospitalisation
in the preceding year.

Why read on?

» This study, the world's longest-running
population-based study of respiratory disease,
uses data collected prospectively over four
decades to more accurately describe the
characteristics of early-onset and late-onset
asthma in middle-age.

highest in children, asthma is also common among
adults. Prevalence estimates of adult asthma preva-
lence have varied considerably between countries,
ranging from 2.8% to 15.7% in young adults* and
up to 10% in older adults aged over 65 years.®
However, the condition is frequently underdiag-
nosed in older age-groups and these numbers may
underestimate the true prevalence of adult disease.”

Asthma also presents diagnostic challenges in
middle-aged and older adults. There is considerable
clinical and physiological overlap between asthma
and COPD, and the distinction between the two
can often be unclear.’” ¢ ‘Asthma’ is commonly
described as an umbrella-term for a number of
overlapping clinical subgroups and in adults, mul-
tiple phenotypes such as the ‘asthma-COPD
overlap’ syndrome have been proposed.” This
current taxonomy of asthma and airways disease is
widely debated and thought to be of limited rele-
vance to clinical practice.® Given the rising world-
wide prevalence of asthma and global trend to
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greater life expectancy, a new approach to asthma diagnosis and
management tailored to specific, well-defined phenotypes is
required.

While numerous classifications have been proposed, few adult
phenotypes have been described in detail and further studies are
required to disentangle asthma heterogeneity in middle-age. To
date, phenotypes based on asthma severity and inflammatory
subtype have been emphasised and studied in some detail.
Recent statistically based studies have emphasised age at asthma
onset as a core discriminatory variable of adult clusters,” °
although relatively few studies have characterised the differences
between early-onset and late-onset disease.

Previous cross-sectional studies comparing early-onset and
late-onset asthma in adults have had methodological limitations,
including potential for recall bias and non-standardisation of
comparison groups.'’ These studies also demonstrated notable
inconsistency in lung function and clinical outcomes. There are
currently no prospective studies that have comprehensively com-
pared such age-based subgroups.

We aimed to compare the characteristics of early-onset and
late-onset current adult asthma within a longitudinal cohort
study, using prospectively collected data since childhood and
age-standardised comparison groups. We hypothesised that
major differences exist between early-onset and late-onset adult
asthma, and that early-onset asthma has a greater impact on
lung function and clinical outcomes.

METHODS

Tasmanian Longitudinal Health Study

Methods of the baseline study and subsequent follow-ups have
been published elsewhere.'* !> These have been summarised in
figure 1. Briefly, the Tasmanian Longitudinal Health Study
(TAHS) is a whole-population cohort of children born in 1961
and being schooled in Tasmania, Australia in 1968 (n==8583).
Participants were largely of a European, Anglo-Celtic back-
ground. Questionnaire data and spirometry were first collected
in 1968 when participants were aged 7 and a large follow-up
survey was distributed in 1974 (age 13). Smaller studies
occurred at ages 21 and 32. In the most recent comprehensive
follow-up from 2002 to 2005 (age 44), the original cohort was
traced and resurveyed (n=5729 responses) (see online supple-
mentary methods E1). Of the respondents, a sample was invited
to participate in a further clinical study (n=2373). Their selec-
tion was based on participation in previous follow-up studies,
and enriched for individuals with a history of asthma or bron-
chitis. A total of 1389 (58.5%) attended the laboratory.

Data collection

Lung function testing was performed according to the joint
American Thoracic Society and European Respiratory Society
guidelines.'* Predicted values of prebronchodilator and post-
bronchodilator (BD) spirometry were derived from reference
equations developed by Hankinson and colleagues.'s Skin prick
testing for eight common aeroallergens was also performed
(EBOS Groups, Australia): Dermatophagoides pteronyssinus, cat
pelt, Cladosporioides, Alternaria tenuis, Penicillium mix,
Aspergillus fumigatus, perennial rye grass and eight mixed
grasses.

Definitions

Current asthma at age 44 was defined as asthma-related symp-
toms and/or healthcare usage in the last 12 months, and was
categorised as early-onset (asthma or ‘wheezy breathing’ in the
1968 and/or 1974 surveys) or late-onset (no asthma or wheezy

1968: [Age 7 years] 8,583 (99%) of all Tasmanian
schoolchildren born in 1961 studied with
parent-completed questionnaire

\4
1974: [Age 13 years] 7,380 (87%) studied by parent-
completed questionnaire

1981 (n=851) and 1991 (n=1,723) surveys

v
2002: 7,312 (85%) retraced

2005: 5,729 (78%) responses to 2004 postal survey
2006: 2,373 (41%) invited for clinical study, sample
enriched for asthma and bronchitis

354 (15%) telephone questionnaire only
630 (27%) did not participate

v
2006-2008: [Age 44 years] 1,389 (58.5%) completed
questionnaire, lung function and skin
prick testing

Figure 1 Tasmanian Longitudinal Health Study (TAHS) design.

breathing in both the 1968 and 1974 surveys). Age 13 was thus
used to delineate the two age-of-onset subgroups. Participants
who did not meet the criteria for current asthma, but responded
affirmatively to asthma ‘ever’ in any of the 1968, 1974 or 2004
surveys were categorised as having remitted asthma. Atopy was
defined as a positive skin prick test (weal size >3 mm larger
than the negative control) to one or more allergens.

Asthma severity was based on the Australian National Asthma
Council classification of asthma (see online supplementary
methods E2): asymptomatic, intermittent, mild persistent, mod-
erate persistent and severe persistent asthma. Grades of severity
were separated by frequency of symptoms and flare-ups occur-
ring within the preceding year. Asthma symptom scores were
developed from survey responses to questions modelled on
those used in the European Community Respiratory Health
Survey (ECRHS) continuous asthma score framework, ranging
from 0 to 8 (see online supplementary methods E3).

Statistical analysis
Population prevalence was estimated using known sampling frac-
tions derived from the 1968, 1974 and 2004 postal surveys.

Basic characteristics of early-onset and late-onset adult asthma
were compared using univariate models. Continuous variables
were analysed using linear regression. Dichotomous variables were
analysed using log-binomial models; where the log-binomial
models failed to converge, Poisson regression with robust error
variance was used. Lung function and clinical characteristics were
compared using multivariate models while adjusting for potential
confounding factors and sampling weights.

Covariates in the multivariable models were identified in the
literature or from previous TAHS analyses as potential
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confounding factors, independently associated with both expos-
ure and outcome. Smoking status, social class and family history
of obstructive lung disease were included as a priori confound-
ing factors. Parental smoking and childhood lung infection were
added only if their inclusion produced a change-in-estimate of
10% or greater. Sampling weights were derived by calculating
the inverse probability of selection for the 2006 clinical study.
A single model was fitted to each of pre-BD FEV; (pre-BD lung
function), post-BD FEV; (post-BD lung function) and asthma
score (clinical outcomes) and then applied to the remaining
parameters in that category.

Interactions between the effects of asthma and smoking on
adult lung function in both age-based groups were also assessed.
All multivariable analyses used complete-case analysis (CCA) for
dealing with missing data. Results from CCA were compared
with those derived from multiple imputation (MI) (see online
supplementary methods E4). All analyses were conducted using
STATA V.13.1 (Stata Corporation 2013, College Station, Texas,
USA).

RESULTS

Of the 1389 who participated in the laboratory study, 1308 had
sufficient data to be categorised as early-onset (n=191),
late-onset (n=127), remitted (n=582) or mnever asthma
(n=408). The characteristics of these 1308 participants are sum-
marised in table 1.

Reweighted population prevalence

At age 44 years, 7.7% (95% CI 6.6% to 9.0%) and 7.8% (95%
CI 6.4% to 9.4%) of the whole TAHS cohort were estimated to
have early-onset and late-onset asthma, respectively. Therefore,

of active asthma at this age, approximately one-half started in
childhood and one-half were of later onset. Of the cohort,
28.2% (95% CI 25.7% to 30.1%) had remitted asthma and
consequently, approximately 43.6% had experienced asthma at
some point in their lives.

Early-onset versus late-onset adult asthma

Early-onset adult asthma was more strongly associated with atopy
and family history of asthma, whereas late-onset adult asthma
was more strongly associated with female gender, current
smoking and low socioeconomic class. Both groups had similar
high Body Mass Index (BMI) (p=0.99), and there was no signifi-
cant difference in lifetime history of rhinitis (p=0.54) or eczema
(p=0.25), current inhaled corticosteroid (ICS) therapy (p=0.53)
or current ICS+long-acting B,-receptor agonist use (p=0.12).

When adjusting only for age, sex and height, there were no
significant differences in lung function between the two groups,
but when other potential confounders were included in multi-
variate models, lung function was found to be consistently
lower in adults with early-onset disease (table 2). This was true
for both pre-BD and post-BD spirometry. The key variable
responsible for this change-in-estimate was smoking status.
Further adjusting for childhood lung function did not attenuate
the mean difference in lung function between the two groups.
BD reversibility was not significantly different between the two
groups (p=0.30).

There were no significant differences in asthma severity or
asthma score between early-onset and late-onset phenotypes
(table 3). Of the individual asthma symptoms, the nocturnal
symptoms of ‘waking due to an attack of shortness of breath in
the last year’ and ‘waking with chest tightness in the last year’

Table 1 Characteristics of the study groups
Early-onset Late-onset Remitted Never asthma
(n=191) (n=127) (n=582) (n=408) Early-onset vs late-onset
Mean (SD) Mean (SD) Mean (SD) Mean (SD) MD (95% ClI)
BMI, kg/mZ 29.1 (6.6) 29.1 (6.9) 28.9 (6.5) 27.2 (5.6) —0.01 (=1.52 to 1.50)
N (%) N (%) N (%) N (%) RR (95% ClI)
Female 95 (50) 90 (71) 266 (46) 198 (49) 0.70 (0.59 to 0.84)t
Smoking status
Never 93 (49) 49 (39) 226 (39) 181 (44) -
Former 56 (29) 34 (27) 185 (32) 120 (29) 0.87 (0.50 to 1.50)
Pack-years, median [IQR] 6.8 [1.2-11.9] 8.4 [2.2-25.5] 6.3 [2.0-16.3] 7.9 [2.0-14.4]
Current 41 (22) 44 (35) 170 (29) 107 (26) 0.49 (0.28 to 0.85)*
Pack-years, median [IQR] 22.9 [17.6-29.0] 24 [10.2-32.0] 20.3 [9.6-28.8] 21 [12.0-28.0]
Social class

1 (highest) 57 (30) 29 (23) 173 (30) 112 (28) -

2 16 (8) 14 (11) 67 (12) 54 (13) 0.58 (0.25 to 1.35)

3 42 (22) 13 (10) 125 (22) 83 (20) 1.64 (0.76 to 3.54)

4 34 (18) 31 (25) 103 (18) 71 (18) 0.56 (0.29 to 1.08)

5 40 (21) 39 (31) 111 (19) 85 (21) 0.52 (0.28 to 0.98)*
FH asthma 132 (71) 59 (49) 311 (56) 151 (38) 1.45 (1.18 to 1.78)t
Atopic 153 (80) 75 (59) 329 (57) 173 (42) 1.36 (1.15 to 1.59)t
Rhinitis (ever) 158 (83) 108 (86) 364 (63) 180 (44) 0.97 (0.88 to 1.07)
Eczema (ever) 119 (63) 70 (56) 262 (45) 124 (31) 1.11 (0.92 to 1.35)
ICS (current) 19 (10) 10 (8) - - 1.26 (0.61 to 2.63)
ICS+LABA (current) 37 (19) 16 (14) - - 1.54 (0.89 to 2.64)

*p<0.05; tp<0.001.

BMI, body mass index; FH, family history; ICS, inhaled corticosteroid; LABA, long-acting B,-receptor agonist; MD, mean difference; RR, risk ratio.

The bolded text identifies results reaching statistical significance (p<0.05).
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Table 2 Difference in lung function between early-onset and late-onset adult asthma

Early-onset Late-onset Unadjusted mean Adjusted mean
(n=191) (n=127) difference differencet
Mean (SD) Mean (SD) MD (95% ClI) MD (95% ClI)
Pre-BD (% predicted)
FEV, 87.2 (16.5) 90.1 (15.2) —2.8 (6.4 t0 0.8) -2.7 (6.3 10 0.9)
FVC 95.0 (13.3) 96.1 (12.8) -1.1 (=411t 1.9) 0.1 (-3.0t0 3.2)
FEV4/FVC 91.1 (10.9) 92.7 (9.6) —-1.6 (-3.9 10 0.8) —2.8 (5.3 to —0.3)*
FEF25-75 73.6 (29.9) 77.1 (27.7) —3.5 (-10.1 t0 3.0) —7.0 (-14.5 t0 0.5)
Post-BD (% predicted)
FEV, 91.6 (15.0) 94.5 (14.2) —3.0 (-6.3 t0 0.4) —2.4 (-5.8100.9)
FvVC 96.8 (12.6) 97.8 (12.1) -1.1(-391t01.8) 0.3 (-2.9 to 3.4)
FEV,/FVC 94.2 (10.7) 95.8 (9.2) -1.6 (-3.9t00.7) —2.6 (5.0 to 0.1)*
FEF25-75 83.2 (31.0) 89.0 (29.8) —5.8 (-12.7 to 1.1) —8.7 (—16.6 to 0.7)*
Reversibility, %A 6.0 (7.7) 5.5 (6.4) 0.4 (-1.2 to 2.1) 0.9 (0.8 to 2.5)
*p<0.05.

tAdjusted for smoking status, social class, family history of obstructive lung, childhood lung infections.

BD, bronchodilator; FEF, forced expiratory flow; MD, mean difference.
The bolded text identifies results reaching statistical significance (p<0.05).

were more common in adults with early-onset asthma.
Hospitalisation for asthma in the last year was also higher in the
early-onset group. These findings were unchanged by adding
current ICS use to the multivariable models.

Asthma—-smoking interaction and post-BD lung function

We observed a two-way interaction between the effects of
late-onset asthma and active smoking on post-BD FEV/FVC
(table 4). Late-onset asthmatics who were active smokers (>1
pack-year smoking history) had reductions in post-BD FEV,/
FVC that were significantly greater than the individual effects of
late-onset asthma and smoking combined (p value for inter-
action=0.01). The reduction in post-BD FEV{/FVC due to this
interaction was 5.0% predicted units. This was equivalent to an
absolute FEV/FVC loss of 3.9% in males and 4.1% in females.
This interaction was not evident in adults with early-onset

disease (p value for interaction=0.34) (table 5). Adjusting for a
continuous measurement of pack-year smoking history did not
significantly alter the results.

Remitted asthma

Adults with remitted asthma had similar lung function to the
control group, with only mild evidence of airflow limitation.
The effect size was considerably smaller than for early-onset or
late-onset current asthma (see online supplementary results E1).

MI for handling missing data

The proportion of missing data in the confounding variables
ranged from 2% for social class to 3% for smoking status.
Results from the MI analysis (see online supplementary results
E2-E5) were similar to the CCA with only slight differences
observed for the estimated association with nocturnal asthma

Table 3 Difference in clinical outcomes between early-onset and late-onset adult asthma

Early-onset Late-onset
(n=191) (n=127) Unadjusted estimates Adjusted estimatest
Median [IQR] Median [IQR] RD (95% Cl) RD (95% Cl)
Asthma scoret 4 [2-6] 4 [3-5] —0.1 (-0.5 t0 0.4) 0.9 (-0.0t0 1.8)
N (%) N (%) RR (95% ClI) RR (95% CI)
Wheeze with dyspnoea (last year)# 109 (57) 78 (61) 0.93 (0.78 to 1.12) 1.12 (0.88 to 1.43)
Woken up with chest tightness (last year)t 98 (51) 56 (44) 1.16 (0.92 to 1.48) 1.39 (1.01 to 1.90)*
Woken by shortness of breath (last year)+ 65 (34) 36 (28) 1.20 (0.85 to 1.69) 1.53 (1.02 to 2.30)*
Dyspnoea (after exercise)t 57 (30) 52 (41) 0.73 (0.54 to 0.99) 0.88 (0.61 to 1.27)
Dyspnoea (at rest) 17 (9) 15 (12) 0.75 (0.39 to 1.45) 1.07 (0.51 to 2.21)
Asthma severityt
Asymptomatic 36 (22) 20 (20) - -
Intermittent 48 (30) 21 (21) 1.27 (0.60 to 2.69) 1.82 (0.69 to 4.78)
Mild, persistent 31 (19) 26 (26) 0.66 (0.31 to 1.41) 0.98 (0.38 to 2.53)
Moderate, persistent 31 (19) 20 (20) 0.86 (0.39 to 1.89) 1.28 (0.44 to 3.68)
Severe, persistent 16 (10) 13 (13) 0.68 (0.27 to 1.70) 1.01 (0.34 to 2.95)
Asthma hospitalisation (last year) 4(2) 0 (0) - -

*p<0.05.

tAdjusted for gender, age, smoking status, social class, family history of obstructive lung disease, childhood lung infections.

+Analysis performed using Poisson regression with robust error variance.
RD, rate difference; RR, risk ratio.
The bolded text identifies results reaching statistical significance (p<0.05).
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Table 4 Interaction between late-onset asthma and smoking on
post-BD FEV;/FVC (% predicted)

Smoking
(>1 pack-year)

Post-BD FEV,/FVC

p[lnteraction]

Control No Reference

(never asthma)  Yes —1.94 (-3.34 to —0.54)*

Late-onset No —0.65 (—0.34 to 2.04) 0.01
Yes —7.61 (—=10.26 to —4.97)t

Adjusted for smoking status, social class, family history of obstructive lung disease,
childhood lung infection.

*p<0.01; 1p<0.001.

BD, bronchodilator.

The bolded text identifies results reaching statistical significance (p<0.05).

symptoms. Before and after imputation, the associations
between early-onset asthma and ‘waking due to chest tightness
in the last year’ were risk ratio (RR) 1.39 (95% CI 1.01 to 1.90)
and RR 1.25 (95% CI 0.94 to 1.66), respectively.

DISCUSSION

Asthma is a common condition, with over 15% of this
middle-aged sample having current asthma as defined in our
study. Of these, approximately half were early-onset persisting
into adulthood, and half were late-onset.

Key features associated with early-onset adult asthma were
atopy and family history of asthma, whereas late-onset adult
asthma was more related to female gender, current smoking and
low socioeconomic status. The impact on lung function of
early-onset asthma was considerably greater than for late-onset
asthma, although asthma severity and overall asthma symptom
score were not significantly different between the two groups.
In contrast, nocturnal symptoms and hospital admissions in the
preceding year were both more common in adults with
early-onset disease.

Our results reaffirm that age-at-onset is an important distin-
guishing factor of adult asthma phenotypes. While clinically,
adults with early-onset and late-onset asthma have similar
overall disease severity and symptom frequency, key differences
in their sociodemographic characteristics suggest the two pheno-
types may have differing aetiological factors and detailed
pathophysiologies.

Reweighted population prevalence

While the prevalence of ‘current’ and ‘ever asthma’ identified in
our study was high compared with international standards,
these findings were not entirely unexpected. Australia is known
to have one of the highest rates of asthma worldwide, with

Table 5 Interaction between early-onset asthma and smoking on
post-BD FEV;/FVC (% predicted)

Smoking
(>1 pack-year)

Post-BD FEV4/FVC

p[lnteraction]

Control No Reference

(never asthma)  Yes —1.96 (-3.36 to —0.57)*

Early-onset No —5.16 (—=6.97 to —3.35)t 0.34
Yes —8.83 (—11.78 to —5.89)t

Adjusted for smoking status, social class, family history of obstructive lung disease,
childhood lung infection.

*p<0.01; tp<0.001.

BD, bronchodilator.

estimates of current asthma prevalence from the ECRHS
(Australia) and a Melbourne-based study being comparable to
the TAHS (11.9% and 17.4%, respectively).'® 7 The prospect-
ive nature of our study also meant that prevalence estimates of
remitted asthma were likely to be higher, but more accurate,
than previous cross-sectional studies. In support of this, we have
previously demonstrated that up to 34% of young adults do not
recall having asthma in early childhood, whereas only 3% incor-
rectly recall having childhood asthma where they did not.'® On
the other hand, our definition of asthma also included wheezy
breathing, which may not always be representative of asthma,
particularly in younger age-groups.

Basic characteristics and aetiology

Familial factors appear to play a greater role in early-onset adult
asthma, which commonly manifests as atopic asthma in child-
hood that persists into adulthood.'” The relationship between
early-onset persistent asthma and family history has been previ-
ous reported, and genome-wide association studies have further
linked specific genetic variants with increased susceptibility to
asthma onset in childhood.*® *' More recently, the GABRIEL
consortium has demonstrated that while early-onset and
late-onset asthma share a number of genetic susceptibilities,
there are distinct differences in susceptibilities between the two
groups. Of the genetic variants common to both, the effects
were reported to be generally more pronounced for
childhood-onset asthma.** To date, such studies have been
cross-sectional.

In contrast, late-onset adult asthma likely differs biologic-
ally.?® There is emerging evidence supporting the role of female
reproductive history in the pathogenesis of adult-onset asthma,
particularly in relation to contraception and hormonal replace-
ment therapy.>® 2* Asthma incidence in females also varies in
concordance with the timing of the major lifetime biological
patterns in hormonal changes, most notably during puberty and
menopause.”> ¢ Smoking is another well-documented risk
factor for new-onset asthma, despite some inconsistency in the
epidemiological data.”” Our findings support the hypothesis
that late-onset asthma may be related to female hormones and
current smoking. The link between low socioeconomic status
and late-onset asthma may be reflective of the greater number of
smokers in this group, but could also be partially attributed to
factors relating to lifestyle, house-hold dampness and fungal
exposure, as well as reduced access to healthcare.?®

Biomarkers

While not included in this paper, we have previously reported
the cytokine profiles of current early-onset and late-onset
asthma at age 44 years.”” The analysis demonstrated that of the
cytokines IL-4, 5, 6, 8, 10 and TNF-a, IL-4 was significantly
lower in adults with late-onset compared with early-onset
asthma. IL-4 is well recognised as a mediator of allergic inflam-
mation, with critical roles in the Th2 cell development and
response.’’ This finding is consistent with our current analysis
and supports the concept that early-onset and late-onset asthma
have differences in their underlying pathophysiology. Notably,
IL-5, recognised for its association with eosinophilic asthma was
not different between the two groups.

Lung function

Previous reports on the lung function difference between
early-onset and late-onset asthma in adults have been largely
inconsistent.®' >3 Our analysis showed that at age 44, the cumu-
lative impact of early-onset asthma is considerably greater than
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for late-onset disease. Measures of lung function spanning both
large and small airways (FEV{/FVC, FEF,s_75) were lower in
adults with early-onset asthma. This was consistent for spirom-
etry measured before and after inhaled BD. As there was no dif-
ference in FVC between the two groups, this airflow
obstruction relates to a disproportionate decrease in FEVj.
Additionally, while late-onset asthma has been associated with
reduced BD reversibility,** ** we found no significant difference
in this measurement between the two groups.

Of note, our analysis could not account for duration of
disease as this was intrinsically related to age of asthma onset,
the defining characteristic of our two groups. The extent to
which lower lung function at age 44 years is due to deficits
established in childhood (and reduced maximally attained lung
function in young adulthood) or due to greater lung function
decline over time is a point of great interest. Unfortunately, lung
function measurement was performed on only a very small
number of participants during follow-ups occurring between the
ages 13 and 44 years. Because of this lack of lung function data,
regrettably we are unable to determine our participants’ lifetime
maximally attained lung function and hence impact of
early-onset and late-onset asthma on lung function decline.
Longitudinal follow-up of these subgroups, as is currently
underway in TAHS, will provide insight into their impact on
lung function decline in older adulthood.

Asthma—-smoking interaction

Asthma-smoking interactions have been explored in some
detail, and may be one potential mechanism underlying the
overlap between asthma and COPD. To date, few studies have
assessed these interactions in relation to age-of-onset pheno-
types.*> A previous TAHS analysis reported asthma-smoking
interactions in both early-onset and late-onset asthma.>® The
study, however, used an age cut-off of 20 years to delineate the
two groups. In conjunction with these findings, our study sug-
gests that while smoking is an important risk factor for fixed
airflow obstruction in normal individuals, in adults with asthma
and particularly those with onset after age 13 years, the risk is
far greater. This interaction might explain why some studies
have reported greater fixed airflow obstruction in asthmatics
with late-onset asthma.®” Finally, our interaction analysis
showed that fixed airflow obstruction in late-onset asthmatics
was largely attributable to the effects of smoking (both inde-
pendently and via asthma-smoking interaction), whereas
early-onset asthma was in itself a strong independent risk factor
that was worsened by smoking.

Strengths and limitations

There are several strengths that distinguish our study from the
previous literature. First, the Tasmanian Longitudinal Cohort
Study is a whole-population-based cohort, this allowed us to
accurately estimate the prevalence of current asthma in a
middle-aged sample. Second, data on asthma age-at-onset was
prospectively collected, hence participants were more reliably
categorised as being early-onset or late-onset. Previous cross-
sectional studies have relied solely on retrospective data col-
lected in adulthood, which is subject to recall bias and has been
shown to result in differential misclassification.'® ** ** Finally,
our subjects were age-standardised by nature of their original
recruitment, and an extensive dataset allow us to account for
the effects of potential confounding in the statistical analysis.

It should be noted that our study used only a single
age-of-onset cut-off. Age 13 years was selected to be most con-
sistent with previous literature,'! and it also represents the age
at which prevalence of asthma changes from being higher in
males, to being higher in females. It is likely that these sub-
groups could be further refined, not only by age cut-off, but
also in combination with other important variables, such as
atopy and inflammatory subtype. New statistical methods of
determining asthma phenotypes based on multiple variables
appear promising.” '° Cluster-based approaches incorporating
objective clinical data, such as age-at-onset, with genetic and
biological markers may facilitate the development of clinically
relevant, treatment-specific phenotypes.

CONCLUSION

This study used prospectively collected data to determine the
phenotype prevalence of early-onset and late-onset current
asthma in a large population-based cohort. Key differences sep-
arating the two phenotypes include their relative association
with familial compared with environmental factors. Clinically,
both groups appear to have similar disease severity despite dif-
ferent durations of disease. In contrast, early-onset asthma was
associated with significantly greater pre-BD and post-BD airflow
obstruction, higher frequency of nocturnal symptoms and hospi-
talisation for asthma in the preceding year. Overall, this study
reaffirms that age at onset is an important determinant of differ-
ent asthma phenotypes in adults.
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