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Asthma is associated with reduced lung function growth between 10 and 18 years; smoking is
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ABSTRACT We investigated associations of asthma and smoking with lung function and airway
reversibility from childhood to early adulthood.

The population-based Isle of Wight Birth Cohort (n=1456) was assessed at birth, and at 1, 2, 4, 10, 18
and 26 years. Asthma was defined as physician diagnosis plus current wheeze and/or treatment.
Spirometry was conducted at 10 (n=981), 18 (n=839) and 26 years (n=547). Individuals were subdivided
into nonsmokers without asthma, nonsmokers with asthma, smokers without asthma and smokers with
asthma, based on asthma and smoking status at 26 years. Their lung function trajectories from 10 to
26 years were examined using longitudinal models.

Nonsmokers with asthma had smaller forced expiratory volume in 1's (FEV,), FEF,5 75, (forced expiratory
flow at 25-75% of forced vital capacity (FVC)) and FEV,/FVC ratio compared to nonsmokers without asthma
at age 10 and 18 years, with differences reduced after bronchodilator (pre-bronchodilator FEV; at 26 years
3.75 L versus 4.02 L, p<0.001; post-bronchodilator 4.02 L versus 4.16 L, p=0.08). This lung function deficit did
not worsen after 18 years. Smokers without asthma had smaller FEF,s_;s0, and FEV,/FVC ratio (but not FEV,)
at 26 years compared to nonsmokers without asthma, with the deficit appearing after 18 years and persisting
despite bronchodilator response (for FEV,/FVC ratio at 26 years 0.80 versus 0.81, p=0.002; post-bronchodilator
0.83 versus 0.85, p=0.005). Smokers with asthma had worse lung function compared to other groups.

Lung function deficits associated with asthma and smoking occur early in life. They are not fully
responsive to bronchodilators, indicating a risk for long-term lung health, which highlights the need to
institute preventive measures in adolescence and early adult life before irreversible damage occurs.
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Introduction

The normal trajectory of forced expiratory volume in 1s (FEV;) shows age- and height-related growth
during childhood and adolescence, but age-related decline in adulthood [1]. When exactly this decline
starts might depend on factors such as sex, and on childhood conditions such as asthma [2, 3]. A lower
FEV, strongly correlates with lifelong morbidity and higher mortality [4]. Recent studies have suggested
that a low FEV, (<80% predicted) in young adult life (age <40 years) increases the risk of chronic
obstructive pulmonary disease (COPD) several-fold in later life, despite a normal age-related decline of
lung function [5]. Specifically, in smokers, FEV; declines rapidly, resulting in irreversible airways
obstruction [1, 6]. However, there appears to be considerable variability in individual susceptibility to the
deleterious effects of smoking on lung function [1]. Identification of susceptible smokers early in the
course of disease before irreversible damage occurs is vital for targeting preventive strategies such as early
smoking cessation, which are known to slow age-related decline in lung function [1].

Persistent childhood asthma is probably one of the major factors determining lower lung function and risk
for fixed airflow obstruction in young adult life [7-9]. Asthma may also increase susceptibility to
deleterious effects of smoking [1]. Those who smoke and/or have asthma in early adult life have increased
risk of COPD, so it is important to investigate the relative contribution of these two exposures on the most
sensitive lung function indices, and to establish when decline in lung function commences.

The Isle of Wight birth cohort was examined at ages 10, 18 and 26 years for lung function and asthma,
while information on environmental exposures, including active and passive smoking, were obtained since
birth. In this study we determined the association of current asthma and smoking (assessed at age
26 years) with lung function from childhood to early adult life. We hypothesised that 1) lung function
decline starts in childhood in those with asthma and by mid-twenties in those who smoke, and 2) in
smokers the resulting deficit has less bronchodilator reversibility compared to those with asthma.

Materials and methods

Design and participants

The Isle of Wight birth cohort is a prospective population-based cohort study investigating prevalence,
natural history and risk and protective factors for the development of asthma, lung function and allergic
diseases. All children (n=1536) born at St Mary’s Hospital on the Isle of Wight between January 1, 1989
and February 28, 1990 were enrolled, with 1456 consenting to long-term follow-up, which has so far been
conducted at the ages of 1, 2, 4, 10, 18 and 26 years [10]. The retention rate was >80% at all assessments
up to 18 years and it was 71% at 26 years. A wide range of phenotypic and environmental information has
been collected using questionnaires and hospital medical records, study procedures such as skin-prick test,
spirometry, methacholine bronchial challenge and exhaled nitric oxide, and >10000 biological samples
have been collected (supplementary table S1). All participants provided informed consent and ethical
approval was obtained from the local/national research ethics committee at recruitment and at each
assessment. At age 26 years, ethical approval was granted by the West Midlands research ethics committee
(reference 15/WM/0071). The analysis and manuscript follows STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement [11].

Asthma and smoking assessment

Validated questionnaires were completed at face-to-face interview or telephone/postal/web questionnaires.
The majority of participants attending in person underwent spirometry at 10, 18, and 26 years and
bronchodilator reversibility at 18 and 26 years. Details of questionnaires and other assessments have been
reported previously [12, 13]. Briefly, both study-specific and International Study of Asthma and Allergies
in Childhood questionnaires were completed for detailed assessment of asthma symptoms and treatment.
Current asthma was defined as physician diagnosis plus current wheeze and/or on treatment for wheeze/
asthma. Information on environmental risk factors was collected from birth up to age 26 years including
current and past cigarette smoking and asthma treatment use.

Four groups were defined and compared based on the presence of current asthma and/or current smoking
at 26 years. In this context, participants with a diagnosis of asthma at 26 years were regarded as having
asthma, irrespective of previous status. Similarly, those who were smoking at 26 years, were regarded as
smoking, irrespective of previous smoking status. This gave four groups: 1) nonsmokers without asthma;
2) nonsmokers with asthma; 3) smokers without asthma; and 4) smokers with asthma.

Lung function assessment

Pre-bronchodilator spirometry was performed at ages 10 (n=981), 18 (n=839) and 26 years (n=547) and
post-bronchodilator spirometry at 18 (n=791) and 26 years (n=535), to allow assessment of changes in
lung function over the rapid growth period of adolescence and to estimate early decline that might occur
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in high-risk subpopulations due to underlying conditions, such as asthma, or exposures, such as smoking.
The subgroup with lung function data were not different in basic characteristics such as sex, smoking and
allergic history to all the cohort members who participated at the 26-years assessment (supplementary
table S2). For spirometry, American Thoracic Society/European Respiratory Society guidelines were
followed to ensure validity and reproducibility [14]. Koko Spirometers (Longmont, CO, USA) were used,
with calibration performed at least once daily. To perform spirometry, participants had to be free from
respiratory infection for 14 days, not taking oral steroids, not having taken p,-agonists for 6 h and
abstained from caffeine intake for >4 h. Spirometry was performed with participants standing without
nose-clip. The acceptability criteria for each effort included a satisfactory start and end of test as well as a
plateau in the volume-time curve [14]. FEV;, forced vital capacity (FVC), FEV,/FVC ratio and forced
expiratory flow at 25-75% of FVC (FEF,5_;s0,) were recorded. As recommended, the highest of three FEV,
measurements within 5% of each other was used. Changes in FEV,, FEV,/FVC ratio and FEF,s 59,
between assessments were calculated as the difference between values at 10 and 18 years and then 18 and
26 years. Predicted percentage values for age, height, sex and ethnic origin were calculated for the FEV;,
FVC, FEV,/FVC ratio and FEF,s 755, based on Global Lung Initiative reference equations [15].
Bronchodilator reversibility was performed at 18 and 26 years. Post-bronchodilator values were obtained
20 min after inhalation of 600 ug salbutamol using a metered dose inhaler via a large-volume spacer.
Significant reversibility was defined as >12% increase in FEV.

Statistical analysis

To examine associations between these four groups, longitudinal models were utilised. These longitudinal
models were applied and inferred using generalised estimating equations to give population averaged
estimates. Models included sex, time and asthma/smoking group plus their interaction terms as adjusting
factors. The dependent lung function parameters, were estimated for the 10-18 years and 18-26 years time
frames adjusted for sex to maximise the number of participants included. As sensitivity analyses, we
repeated the analysis with the 10-, 18- and 26-year time points in one model, and controlled for height at
assessment by using percentage predicted lung function parameters (supplementary material). To examine
the change in lung function parameters in individual participants, a regression model was used controlling
for sex. STATA (v14; StataCorp, College Station, TS, USA) was used for these data analyses. A p-value
<0.05 was taken to indicate statistical significance.

Results

Based on their asthma and smoking status at 26 years, there were 600 (58.3%) nonsmokers without
asthma, 108 (10.5%) nonsmokers with asthma, 270 (26.2%) smokers without asthma and 52 (5.0%)
smokers with asthma. Characteristics of nonsmokers with asthma, smokers without asthma and smokers
with asthma at the age of 26 years are provided in supplementary table S1. Mean age for smoking
initiation was 16 years and thus most smokers had ~10 years of personal smoking duration.
Supplementary table S3 provides lung function data at 10, 18 and 26 years stratified by sex.

Differences in lung function between groups at each assessment (10, 18 and 26 years)

Looking at the longitudinal model, nonsmokers with asthma compared to nonsmokers without asthma at
26 years had a smaller pre-bronchodilator FEV, and FEF,5 ;54 at 18 and 26 years (~9%) and FEV,/FVC
ratio at all assessments (table 1 and figure 1). With narrowing of the difference following bronchodilator,
the statistical significance of the difference was lost at 26 years for post-bronchodilator FEV, and FEV,/
FVC ratio. FEV,/FVC and FEF,5_;s¢, were lower in smokers without asthma (3.76 versus 4.05 L, p<0.001
and 0.80 versus 0.81, p=0.002, respectively), compared to control, with the difference persisting after
bronchodilation (table 1). Apart from FVC, all lung function parameters in smokers with asthma at 26
years were much lower than for nonsmokers without asthma, even after bronchodilator (table 1).

Smokers with asthma show proportionally less bronchodilator reversibility for FEV,/FVC and for
FEF,5_750, than nonsmokers with asthma (table 1). In contrast, both pre- and post-bronchodilator FEV,
FEV,/FVC and FEF,s 75, were smaller at the 26-year assessment in smokers with asthma compared to
smokers without asthma (table 1). The pattern of lung function remained the same in the four groups in
the subset which included participants with lung function data at all three time points (supplementary
figure S1). A sensitivity analysis on these participants using percentage predicted values revealed no
important changes in lung function trajectories (supplementary figure S2).

Changes in lung function across adolescence and early adulthood

Over adolescence, nonsmokers with asthma had a smaller increase in FEV; (10-18 years change 1.84 versus
2.06 L, p<0.001) and FEF,s5 754 (10-18 years change 1.82 versus 2.13L, p<0.01) when compared to
nonsmokers without asthma, but not between 18 and 26 years in the longitudinal model (figure 2). Smokers
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TABLE 1 Association of asthma and smoking status on pre- and post-bronchodilator spirometry at 10, 18 and 26 years

10 years 18 years 26 years
Nonsmokers  Nonsmokers Difference p-value Nonsmokers Nonsmokers Difference p-value Nonsmokers Nonsmokers Difference p-value
without with asthma without with asthma without with asthma
asthma asthma asthma

6102-£L700°€00€66€EL/€8L1°01/640°10p//:5d1Y

Nonsmokers with asthma versus nonsmokers without asthma

Subjects n 422 80 47 74 313 62
FEV, L 2.04 2.00 ~0.05 (~0.16-0.04) 0.273 4.05 3.77 -0.27 (-0.37--0.17)  <0.001 402 3.75 ~0.28 (-0.41--0.14)  <0.001
Post-bronchodilator 418 402 ~0.16 (~0.30--0.02)  0.023 416 4.02 ~0.13 (~0.28-0.02) 0.078
FEV, L
FVC L 2.30 2.31 0.00 (<0.12-0.12) 0.984 4.60 bt ~0.14 (~0.26-0.02) 0.024 496 4.90 ~0.06 (=0.22-0.11) 0.497
Post-bronchodilator 4.63 456 ~0.08 (~0.24-0.08) 0.322 492 487 ~0.06 (~0.22-0.11) 0510
FVC L
FEV./FVC 0.89 0.87 ~0.03 (~0.04--0.01)  <0.001 0.88 0.85 ~0.03 (~0.05--0.02)  <0.001 0.81 0.77 —0.04 (~0.06--0.03)  <0.001
Post-bronchodilator 0.91 0.89 -0.02 (-0.03--0.01)  0.021 0.85 0.83 ~0.02 (~0.03-0.00) 0.052
FEV,/FVC
FEFa5_75% L 2.49 2.25 ~0.25 (~0.440--0.059)  0.010 456 4.00 ~0.56 (~0.75--0.36)  <0.001 4.05 3.31 ~0.75 (=1.01--0.49)  <0.001
Post-bronchodilator 498 456 ~0.42 (~0.67--0.17)  0.001 bbb 424 ~0.40 (~0.67--0.13) 0.004

FEF25775% L
Smokers without asthma versus nonsmokers without asthma

Subjects n 422 203 417 176 313 142

FEV, L 2.04 2.03 —0.02 (-0.09-0.05) 0.526 4.05 4.00 —0.05 (-0.12-0.02) 0.149 4.02 3.93 —0.10 (-0.19-0.00) 0.052

Post-bronchodilator 4.18 418 0.00 (-0.10-0.10) 0.975 416 4.08 —0.08 (-0.18-0.02) 0.131
FEV, L

FVC L 2.30 2.28 —0.03 (-0.11-0.05) 0.506 4.60 4.59 —0.02 (-0.10-0.06) 0.617 4.96 4.97 0.01 (-0.10-0.12) 0.863

Post-bronchodilator 4.63 4.66 0.03 (~0.09-0.14) 0.643 4.92 4.93 0.00 (-0.11-0.12) 0.970
FVC L

FEV,/FVC 0.89 0.89 0.00 (-0.01-0.01) 0.645 0.88 0.87 —0.01 (-0.02-0.00) 0.075 0.81 0.80 —0.02 (-0.03--0.01) 0.002

Post-bronchodilator 0.91 0.90 —-0.01 (-0.02-0.01) 0.359 0.85 0.83 —-0.02 (-0.03--0.01) 0.005
FEV,/FVC

FEF,5_750, L 2.49 2.44 —0.05 (—0.18-0.08) 0.465 4.56 4.47 —0.10 (—0.23-0.04) 0.157 4.05 3.76 —0.31 (-0.49--0.13) 0.001

Post-bronchodilator 4.98 4.90 —0.09 (-0.27-0.08) 0.299 4.64 4.38 —0.27 (-0.46--0.09) 0.004

FEF25-750% L
Smokers with asthma versus nonsmokers without asthma

Subjects n 422 40 417 32 313 30

FEV; L 2.04 2.01 —0.04 (-0.18-0.08) 0.469 4.05 3.73 —0.33 (-0.48--0.19)  <0.001 4.02 3.74 —0.30 (-0.49--0.12) 0.001

Post-bronchodilator 418 4.03 —0.17 (-0.36-0.02) 0.080 4.16 3.95 -0.23 (-0.42--0.03) 0.021
FEV, L

FVC L 2.30 2.32 0.01 (-0.14-0.17) 0.858 4.60 4.60 —0.01 (~0.18-0.16) 0.894 4.96 4.96 0.00 (-0.22-0.22) 0.99

Post-bronchodilator 4.63 4.72 0.08 (—0.14-0.30) 0.483 4.92 5.03 0.11(-0.12-0.33) 0.351
FVC L

FEV4/FVC 0.89 0.86 —0.03 (-0.05--0.01) 0.002 0.88 0.82 —0.06 (-0.09--0.04)  <0.001 0.81 0.76 —0.06 (—0.08--0.04) <0.001

Post-bronchodilator 0.91 0.86 —0.05 (-0.07--0.03]  <0.001 0.85 0.79 —0.06 (-0.08--0.04) <0.001
FEV;/FVC

FEF5_750, L 2.49 2.22 —0.28 (-0.54--0.03) 0.027 4.56 3.66 -0.93 (-1.21--0.65)  <0.001 4.05 3.15 -0.93 (-1.28--0.59) <0.001

Post-bronchodilator 4.98 4.30 -0.74 (-1.09--0.38)  <0.001 4.64 3.67 —1.00 (-1.36--0.65) <0.001

FEF 25750 L
Smokers with asthma versus nonsmokers with asthma

Subjects n 80 40 74 32 62 30

FEV; L 2.00 2.01 0.01 (-0.15-0.17) 0.930 3.77 3.73 ~0.06 (~0.23-0.11) 0.483 3.75 3.74 —0.03 (=0.24-0.19) 0.813

Post-bronchodilator 4.02 4.03 ~0.01 (-0.23-0.21) 0.925 4.02 3.95 ~0.09 (~0.32-0.13) 0.414
FEV, L

FVC L 2.31 2.32 0.02 (~0.17-0.20) 0.869 446 4.60 0.13 (~0.07-0.32) 0.215 4.90 496 0.06 (~0.20-0.31) 0.676

Post-bronchodilator 456 472 0.16 (~0.10-0.42) 0.225 487 5.03 0.16 (~0.10-0.43) 0.227
FVC L

FEV,/FVC 0.87 0.86 ~0.01 (~0.03-0.02) 0.690 0.85 0.82 —0.03 (~0.06-0.00) 0.022 0.77 0.76 ~0.02 (=0.04-0.01) 0.312

Continued
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TABLE 1 Continued

10 years 18 years 26 years
Nonsmokers  Nonsmokers Difference p-value Nonsmokers  Nonsmokers Difference p-value Nonsmokers Nonsmokers Difference p-value
without with asthma without with asthma without with asthma
asthma asthma asthma
Post-bronchodilator 0.89 0.86 —0.03 (-0.06--0.01) 0.013 0.83 0.79 —0.04 (-0.07--0.02) 0.001
FEV,/FVC
FEF25_7504, L 2.25 2.22 —0.04 (-0.33-0.26) 0.817 4.00 3.66 —0.36 (~0.70--0.05) 0.022 3.31 3.15 —0.17 (~0.590-0.225) 0.379
Post-bronchodilator 4.56 4.30 —0.30 (-0.73-0.09) 0.130 4.24 3.67 —0.59 (-1.03--0.19) 0.005
FEF25_750, L
Smokers with asthma versus smokers without asthma
Subjects n 203 40 176 32 142 30
FEV, L 2.03 2.01 —0.03 (-0.17-0.11) 0.704 4.00 3.73 —0.28 (-0.43--0.13)  <0.001 3.93 3.74 -0.21 (-0.40--0.01) 0.036
Post-bronchodilator 4.18 4.03 —0.17 (-0.37-0.03) 0.098 4.08 3.95 —0.15 (-0.35-0.06) 0.153
FEV, L
FvC L 2.28 2.32 0.04 (-0.12-0.20) 0.618 4,59 4,60 0.01 (-0.17-0.19) 0.916 4.97 4.96 —0.01 (-0.24-0.22) 0.922
Post-bronchodilator 4.66 4.71 0.05 (-0.18-0.29) 0.658 4.93 5.03 0.10 (-0.13-0.34) 0.386
FvC L
FEV,/FVC 0.89 0.86 —0.03 (-0.05--0.009) 0.006 0.87 0.82 —0.05 (-0.08--0.03)  <0.001 0.80 0.76 —0.04 (-0.064--0.013) 0.003
Post-bronchodilator 0.90 0.86 —0.05 (-0.07--0.02)  <0.001 0.83 0.79 —0.04 (-0.07--0.02) <0.001
FEV,/FVC
FEF25_7504, L 2.44 2.22 —0.24 (0.50-0.03) 0.081 4.47 3.66 —0.84 (-1.13--0.54)  <0.001 3.76 3.15 —0.62 (-0.99--0.26) 0.001
Post-bronchodilator 4.90 4.30 —0.64 (-1.01--0.27) 0.001 4.38 3.67 —0.73 (=1.10--0.36) <0.001

FE F25—75% L

Data are the mean spirometry parameters pre- and post-salbutamol with mean difference (95% Cl) and associated p-value from longitudinal modelling. Results are divided according to
asthma and smoking status at 26 years: nonsmokers without asthma, nonsmokers with asthma, smokers without asthma and smokers with asthma. Results for 10 and 18 years from
generalised estimating equations longitudinal model for 10-18 years adjusted for sex; results for 26 years from a similar model for 18-26 years data. Differences may not add up due to
rounding. Post-bronchodilator parameters only available at 18 and 26 years. Data from 10 to 18 years represents results available for 699 participants with data at each point; for the 18-
26 years analysis, results available for 454 participants; post-bronchodilator results available for 428 participants. FEV,: forced expiratory volume in 1s; FVC: forced vital capacity; FEF,5_
759: forced expiratory flow at 25-75% of FVC.
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FIGURE 1 Mean values of each lung function parameter at 10, 18 and 26 years of age in smokers with asthma, nonsmokers with asthma, smokers
without asthma and nonsmokers without asthma. a) Forced expiratory volume in 1's (FEVy), b] forced vital capacity (FVC), c) FEV,/FVC ratio,
d) forced expiratory flow at 25-75% of FVC (FEF,5_7s,). Data generated from generalised estimating equations longitudinal modelling with
parameters adjusted for sex. Points represent mean (95% Cl). Post-bronchodilator parameters only available at 18 and 26 years. Data from 10 to
18 years represents results available for 699 participants with data at each point; for the 18-26 years analysis, results available for 454
participants; post-bronchodilator results available for 428 participants.

without asthma had a larger drop in FEF,s 750, (—0.73 versus —0.50 L, p<0.05) only between 18 and 26 years.
FEV, and FEF,s ;5 increased less over adolescence in smokers with asthma compared to nonsmokers
without asthma (1.77 versus 2.06 L, p<0.01 and 1.48 versus 2.13 L, p<0.001, respectively). Comparing further
between groups, nonsmokers with asthma had a smaller increase in FEV; and FEF,5 754, over adolescence
than smokers without asthma (1.75 versus 1.95 L, p<0.01 and 1.71 versus 1.98, p<0.05, respectively).

Discussion

We examined longitudinal trajectories of lung function from age 10 years to 26 years in participants who
were smoking and/or had asthma at age 26 years. Nonsmokers with asthma at 26 years had a smaller
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FIGURE 2 Changes in each lung function parameter from age 10 to 18 years and from age 18 to 26 years in smokers with asthma, nonsmokers
with asthma, smokers without asthma and nonsmokers without asthma. a) Forced expiratory volume in 1's (FEV,), b] forced vital capacity (FVC),
c) FEV,/FVC ratio, d) forced expiratory flow at 25-75% of FVC (FEF,5_75%). Figures generated from a regression model with parameters adjusted
for sex. Points represent mean change in lung function (95% Cl). Post-bronchodilator (post-bronch.) parameters only available at 18 and 26 years.
Data from 10 to 18 years represent results from 699 participants with data at each point; for the 18-26 years analysis, results are from 454
participants; post-bronchodilator results available for 428 participants. *: p<0.05; **: p<0.01; ***: p<0.001; between-group comparisons.

FEV,, FEF,5 759, and FEV/FVC ratio in young adulthood with differences reduced after bronchodilator.
This deficit in lung function appeared during childhood and over adolescence, but did not get worse after
18 years. In smokers without asthma, there was no difference in FEV;, although FEF,5 ;5o and FEV,/FVC
ratio were lower at 26 years with the differences appearing after 18 years and showing less bronchodilator
reversibility than that seen in asthma. Smokers with asthma tended to have the worst lung function.

Our study confirms that the decline in indices of lung function reflecting airway diameter (FEV;/FVC and
FEF,5_754,) occurs early in adult life. While some of the apparent deficit in lung function observed in those
with asthma at 26 years is reversible, there remains a degree of reduced lung function following
bronchodilation, suggesting that asthma is associated with suboptimal lung growth during adolescence, the
lack of complete reversibility to bronchodilator or both. Smoking young adults show a decline in lung
function developing in the early twenties, which improves with bronchodilator, but remains lower than
nonsmokers, indicating future potential risk of COPD. This indicates that adolescence and early adult life
is a crucial period where intervention such as improved asthma treatment and smoking cessation might
interrupt a downward trajectory, which otherwise could lead to fixed airflow limitation.

Asthma increases the risk of COPD later in life [16]. We and others have shown that long-term
trajectories of FEV, include the level of maximum lung function achieved and the onset and rate of
subsequent decline [17, 18]. However, participants in the study by Bur et al. [17] were only recruited at
7 years of age, limiting the quality of the early-life data. The age of onset of FEV; decline is reported
variably to be between 20 and 30 years, while the decline in FEV,/FVC starts in childhood even in those
without asthma or smoking exposure [3, 19]. Therefore, COPD could result from lack of attaining optimal
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lung function in early adulthood, as suggested by LaNGE et al. [5]. In addition, we showed that young
adults with asthma do not achieve optimal lung function by 18 years of age, which might put them at
higher risk of future COPD. However, the subsequent rate of decline between 18 and 26 years was similar
to those who did not have asthma at 26 years and reversibility to bronchodilator was present. MCGEACHIE
et al. [9] showed that subgroups within those with asthma behave differently and some are more likely to
have lower lung function as they go into adult life than others. GroL et al [20] examined factors
determining FEV, decline among those with asthma. However, neither of these studies had a control
group of no asthma for comparison and they did not look specifically for the effect of smoking.

JaMes et al. [21] studied the association of both asthma and smoking on lung function. FEV; was lower at
age 19 years with asthma, but not in smokers; however, those with asthma and smoking had the worst
outcome with later follow-up confirming their more rapid decline in FEV,. This is consistent with our
study, where smoking participants with asthma have worst lung function and are less response to
bronchodilator. AaNeruD et al. [22] found a 20-fold increase in the risk of adult airway obstruction in
early-onset asthma. This is supported by our observation of lower lung function at age 10 years in those
with asthma at age 26 years, highlighting the importance of asthma as a major determinant of lower lung
function trajectory during adolescence and adult life.

We analysed FEF,5 750, as an indicator of small airway disease, which is affected early in smoking-related
lung disease [23]. The FEF,s 750, paralleled changes in FEV,/FVC ratio and was highly sensitive to
changes occurring with age and with smoking and asthma. Previous studies showed a decline in FEV; in
smokers starting in their mid-twenties or later [1, 24, 25]. Using FEF,5_,5¢, we have shown that the decline
starts earlier than previously thought with impairment by the mid-twenties despite preserved
bronchodilator reversibility.

BELGRAVE et al. [26] examined childhood trajectories of FEV, and showed that the persistently low FEV,;
trajectory is associated with severe wheezing exacerbations, early allergic sensitisation and tobacco smoke
exposure in early life. In addition, results from the Tucson birth cohort identified a low lung function
trajectory in early adult life, predisposed by maternal asthma, early-life lower respiratory illness and
current asthma [27]. In contrast, we have focused on adolescent and early adult life factors of asthma and
smoking exposure.

The strengths of our study include prospective follow-up from birth, homogenous population, extensive
characterisation including standardised questionnaires and high retention, thus avoiding misclassification.
We defined our asthma and smoking groups based on participants’ status at 26 years. Asthma is a
dynamic condition where some people improve while others develop asthma at various ages. Similarly,
smoking status can change over time. Thus, not all those defined as having asthma and smokers in this
study had asthma or were smoking between 10 and 26 years. Sample size constraints did not allow further
subgroups based on duration of asthma or smoking. However, the purpose of this analysis was to focus on
those who were smoking or had asthma or both in their young adult life, and retrospectively look at their
lung function pattern in order to assess their risk of future respiratory health, particularly potential risk of
COPD. Another potential limitation is of recall bias as smokers with asthma were assessed using
questionnaires. However, as we defined asthma and smoking status at age 26 years, recall bias is less likely.

In our cohort, the decline in FEV,/FVC occurred in all groups, but it was most prominent between 18 and
26 years and worst in smokers with asthma at 26 years (figures 1 and 2). Given that the normal range of
this ratio changes with age [15, 28], an FEV,/FVC ratio of 0.75 would be considered abnormal at 30 years
of age. It is therefore concerning to note that 39 (7.3%) participants in our cohort had a
post-bronchodilator FEV,/FVC of <0.75 at 26 years. Further assessment of this cohort should focus on
this group to get a more detailed assessment of their respiratory health, with full lung function tests and
imaging to assess signs of structural damage.

In summary, 1) presence of asthma at the age of 26 years in nonsmokers and smokers is associated with a
lower lung function, which can be tracked back to the ages of 10 and 18 years; 2) presence of smoking at the
age of 26 years in non-asthmatics and asthmatics is associated with a lower lung function, which can be
tracked back to the age of 18 years; and 3) individuals with a combination of asthma and smoking at the age
of 26 years had the worst lung function. There was less bronchodilator reversibility in smokers than those
with asthma. Early identification of those who are at high risk of COPD, due to asthma, smoking or both,
should provide a focus for strategies aimed at preventing long-term lung damage and future morbidity.
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