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Abbreviations 

Chronic Obstructive Pulmonary Disease: COPD  

Forced expiratory Volume in one second: FEV1 

Forced Vital Capacity: FVC 

Forced expiratory Volume in one second/Forced Vital Capacity: FEV1/FVC  

Forced Expiratory Flow between 25-75: FEF25-75 

Isle of Wight Birth Cohort: IOWBC  

Post-bronchodilator (Post-BD) 

Pre-bronchodilator (Pre-BD) 

 

 

 

 

Take home:  

Asthma is associated with reduced lung function growth between 10-18 years while smoking is 

associated with decline between ages 18-26. Both may increase susceptibility to COPD, emphasising 

a potential benefit of early intervention to prevent lung damage.   



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, 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: non-smokers without asthma, non-smokers with asthma, smokers without asthma, 

and smokers with asthma, based on asthma and smoking status at age 26.  Their lung function 

trajectories from 10 to 26 years were examined using longitudinal models. 

Non-smokers with asthma had smaller FEV1, FEF25-75 and FEV1/FVC ratio compared to non-smokers 

without asthma at age 10 and 18, with differences reduced after bronchodilator (pre-bronchodilator 

FEV1 at 26-years: 3.75L versus 4.02L, P<0.001, post-bronchodilator 4.02L versus 4.16L, P= 0.08). This 

lung function deficit did not worsen after 18-years. Smokers without asthma had smaller FEF25-75 and 

FEV1/FVC ratio (but not FEV1)  at 26-years compared to non-smokers without asthma with the deficit 

appearing after 18 years and persisting despite bronchodilator response (for FEV1/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 worst lung function compared to other groups.   

Lung function deficits associated with asthma and smoking occur early in life. They are not fully 

responsive to bronchodilator 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.  



INTRODUCTION 

The normal trajectory of forced expiratory volume in one second (FEV1) 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 FEV1 strongly correlates with lifelong morbidity and higher mortality (4). 

Recent studies have also suggested that a low FEV1 (<80% predicted) in young adult life (<40 years of 

age) 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, FEV1 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 like 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 (IOWBC) 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) with lung function from childhood to early adult life. We hypothesised 

that (i) lung function decline starts in childhood  in those with asthma and by mid-twenties in those 



who smoke, and (ii) 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 1st January 1989 and 28th February 1990 were enrolled with 1456 consenting for 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 age 26. 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 over 10,000 biological samples have been collected (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, ethical 

approval was granted by National Research Ethics Committee, West Midlands (REC Reference: 

15/WM/0071). The analysis and manuscript has followed the STROBE 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 age 26-years. In this context, participants with a diagnosis of asthma at age 26, 

irrespective of previous status were regarded as having asthma. Similarly, those who were smoking 

at age 26, irrespective of previous smoking status were regarded as smoking. This gave 4 groups: (i) 

Non-smokers without asthma; (ii) Non-smokers with asthma; (iii) Smokers without asthma; and (iv) 

Smokers with asthma.  

 

Lung function assessment 

Pre-bronchodilator (pre-BD) spirometry was carried out at ages 10 (n=981), 18 (n=839) and 26-years 

(n=547) and post-bronchodilator (post-BD) spirometry at 18 (n=791) and 26-years (535), to allow 

assessment of changes in lung function over the rapid growth period of adolescence and to estimate 

early decline that might occur 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 26-year assessment (Table S2).  For spirometry, American Thoracic Society (ATS) 

guidelines were followed to ensure validity and reproducibility (14). Koko Spirometers (Longmont, 

CO, USA; http://www.nspirehealth.com/products/koko-testing-devices/koko-sx-1000-spirometer/) 

with calibration performed at least once daily were used. To perform spirometry, participants had to 

be free from respiratory infection for 14 days, not taking oral steroids, not taken beta2 agonist for 6 

hours and abstained from caffeine intake for at least 4 hours. 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). FEV1, forced 

vital capacity (FVC), FEV1/FVC ratio, forced expiratory volume between 25 and 75 percent flow 

http://www.nspirehealth.com/products/koko-testing-devices/koko-sx-1000-spirometer/


(FEF25-75) were recorded. As recommended, the highest of three FEV1 measurements within 5% of 

each other was used. Changes in FEV1, FEV1/FVC ratio, and FEF25-75 between assessments were 

calculated as the difference between values at 10 and 18 and then 18 and 26 years. Percent 

predicted for age, height, sex and ethnic origin was calculated for the FEV1, FVC, FEV1/FVC, and FEF25-

75 based on Global Lung Initiative (GLI) reference equations (15). Bronchodilator reversibility was 

performed at 18 and 26 years. Post-BD values were obtained 20 minutes after inhalation of 600mcg 

salbutamol using a metered dose inhaler via a large volume spacer. Significant reversibility was 

defined as ≥12% increase in FEV1. 

 

Statistical analysis 

To examine associations between these four groups, longitudinal models were utilised. These 

longitudinal models were applied and inferred using generalised estimating equations (GEE) 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 10 to 18 and 18 to 26-year timeframes adjusted to sex to maximise the number of participants 

included. As sensitivity analyses, we firstly repeated the analysis with the 10, 18 and 26 year time 

points in one model and secondly controlled for height at assessment by using percentage predicted 

lung function parameters (see online supplement). To examine the change in lung function 

parameters in individual participants, a regression model was used controlling for sex. STATA v14 

(StataCorp, College Station, 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%) non-smokers without 

asthma, 108 (10.5%)  non-smokers with asthma, 270 (26.2%) smokers without asthma, and 52 (5.0%) 

smokers with asthma. Characteristics of non-smokers with asthma, smokers without asthma and 

smokers with asthma at age 26-years are provided in Table S1.  Mean age for smoking initiation was 

16-years and thus most smokers had approximately 10-years of personal smoking duration. Table S3 

provides lung function data at 10, 18 and 26 stratified by sex.  

 

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

Looking at the longitudinal model, non-smokers with asthma compared to non-smokers without 

asthma at 26-years had a smaller pre-BD FEV1 and FEF25-75 at 18 and 26-years (around 9%) and 

FEV1/FVC ratio at all assessments (Table 1a and Figure 1). With narrowing of the difference following 

bronchodilator, the statistical significance of the difference was lost at 26 for Post-BD FEV1 and 

FEV1/FVC ratio. FEV1/FVC and FEF25-75 were lower in smokers without asthma (3.76 vs 4.05L, p<0.001 

and 0.80 vs 0.81, p=0.002 respectively), compared to control, with the difference persisting after 

bronchodilation (Table 1b). Apart from FVC, all lung function parameters in smokers with asthma at 

26-years were much lower than for non-smokers without asthma, even after bronchodilator (Table 

1c).  

 

Smokers with asthma show proportionately less bronchodilator reversibility for FEV1/FVC and for 

FEF25-75 than non-smokers with asthma (Table 1d).  In contrast, both pre- and post-BD FEV1, 

FEV1/FVC and FEF25-75 were smaller at the 26-year assessment in smokers with asthma compared to 

smokers without asthma (Table 1e). The pattern of lung function remain the same in the four groups 

in the subset which included participants with lung function data at all three time points (Figure S1). 



A sensitivity analysis on these participants using percent predicted values revealed no important 

changes in lung function trajectories (Figure S2). 

 

Changes in lung function across adolescence and early adulthood 

Non-smokers with asthma had a smaller increase in FEV1 (10 to 18 years change; 1.84 vs 2.06L, 

p<0.001, and FEF25-75 (10 to 18 change; 1.82 vs 2.13L, P<0.01), when compared to non-smokers 

without asthma, over adolescence but not between 18 and 26 in the longitudinal model (Figure 2). 

Smokers without asthma hada larger drop in FEF25-75 (-0.73 vs -0.50L, p<0.05) only between 18 and 

26 years. FEV1 and FEF25-75 increased less over adolescence in smokers with asthma compared to 

non-smokers without asthma (1.77 vs 2.06L, p<0.01 and 1.48 vs 2.13L, p<0.001 respectively). 

Comparing further between groups, non-smokers with asthma had a smaller increase in FEV1 and 

FEF25-75 over adolescence than smokers without asthma (1.75 vs 1.95L, p<0.01 and 1.71 vs 1.98, 

p<0.05 respectively).  

 

  



 

DISCUSSION 

We examined longitudinal trajectories of lung function from age 10 to 26 in participants who were 

smoking and/or had asthma at age 26. Non-smokers with asthma at 26-years had a smaller FEV1, 

FEF25-75 and FEV1/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 FEV1, although FEF25-75 and 

FEV1/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 (FEV1/FVC 

and FEF25-75) occurs early in adult life. While some of the apparent deficit in lung function observed 

in those with asthma at 26 is reversible, there remains a degree of reduced lung function following 

bronchodilator 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 non-smokers, 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 FEV1 include the level of maximum lung function achieved and the onset and rate of 

subsequent decline (17, 18). However, the study of Bui et al (17) was only recruited at 7 years of age 

limiting the quality of the early life data. The age of onset of FEV1 decline is reported variably 



between 20 and 30-years while the decline in FEV1/FVC starts in childhood even in those without 

asthma or smoking exposure (3, 19). Therefore, COPD could result from lack of attaining optimal 

lung function in early adulthood as suggested by Lange et al (5). We also 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 was similar 

to those who did not have asthma at 26 and reversibility to bronchodilator was present.  McGeachie 

et al 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 (9). Grol et al examined factors 

determining FEV1 decline among those with asthma (20). 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. studied the association of both asthma and smoking on lung function (21). FEV1 was 

lower at age 19 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 FEV1. This is consistent 

with our study where smoking participants with asthma have worst lung function and are less 

response to bronchodilator. Aanerud et al found a 20 fold increase in the risk of adult airway 

obstruction in early-onset asthma (22). 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 FEF25-75 as an indicator of small airway disease which is affected early in smoking 

related lung disease (23). The FEF25-75 paralleled changes in FEV1/FVC ratio and was highly sensitive 

to changes occurring with age and with smoking and asthma. Previous studies showed a decline in 

FEV1 in smokers starting in their mid-twenties or later (1, 24, 25). Using FEF25-75 we have shown that 



the decline starts earlier than previously thought with impairment by the mid-twenties despite 

preserved bronchodilator reversibility.  

 

Belgrave et al. examined childhood trajectories of FEV1, and showed that the persistently low FEV1 

trajectory is associated with severe wheezing exacerbations, early allergic sensitisation and tobacco 

smoke exposure in early life (26). Results from the Tucson birth cohort also 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 focussed 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 standardized 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, recall bias is less likely.  

In our cohort, the decline in FEV1/FVC occurred in all groups but it was most prominent between 18 

and 26 years and worst in smokers with asthma at 26 (Figures 1, 2). Given that the normal range of 

this ratio changes with age (15, 28), an FEV1/FVC 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 FEV1/FVC of <0.75 at age 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, (i) presence of asthma at the age of 26 years in non-smokers and smokers is associated 

with a lower lung function, which can be tracked back to the ages of 10 and 18 years, (ii) 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 (iii) individuals with a combination of 

asthma and smoking at the age of 26 years had 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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Figure Legends 

Figure 1 

Figures describe the mean value of each lung function parameter at 10, 18 and 26 years of age in 

smokers with asthma (open triangle), non-smokers with asthma (open circles), smokers without 

asthma (closed triangle) and non-smokers without asthma (closed circles). Data generated from a 

GEE longitudinal modelling with parameters adjusted for sex. Points represent means with 95% 

confidence intervals. 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 to 

26 years analysis, results available for 454 participants; post-bronchodilator results available for 428 

participants.  

 

Figure 2 

Figures describe the change in each lung function parameter from 10 to 18 and from 18 to 26 years 

of age in smokers with asthma (open triangle), non-smokers with asthma (open circles), smokers 

without asthma (closed triangle) and non-smokers without asthma (closed circles). Figures 

generated from a regression model with parameters adjusted for sex. Points represent means 

change in lung function with 95% confidence intervals. Dashed line indicated zero change. P-values 

for comparisons between groups *: p<0.05, **: p<0.01, ***: p<0.001. Post-bronchodilator 

parameters only available at 18 and 26 years. Data from 10 to 18 years represents results from 699 

participants with data at each point; for the 18 to 26 years analysis, results are from 454 participants; 

post-bronchodilator results available for 428 participants. 

 



Table 1: Association of asthma and smoking status on pre- and post-bronchodilator spirometry at 10, 18 and 26 years of age  

(a) Non-smokers with asthma versus non-smokers without asthma participants  

 10 years  18 years  26 years 

 

Non-
smokers 
without 
asthma 
N=422  

Non-
smokers 

with 
asthma  

N=80 

Difference P value 

 Non-
smokers 
without 
asthma 
N=417  

Non-
smokers 

with 
asthma 

N=74  

Difference 
P 

value 

 Non-
smokers 
without 
asthma 
N=313  

Non-
smokers 

with 
asthma 

N=62  

Difference P value 

FEV1 (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  4.02 3.75 
-0.28 

(-0.41, -0.14) 
<0.001 

Post-FEV1 (L)      4.18 4.02 
-0.16 

(-0.30, -0.02) 
0.023  4.16 4.02 

-0.13 
(-0.28, 0.02) 

0.078 

FVC (L) 2.30 2.31 
0.00 

(-0.12, 0.12) 
0.984  4.60 4.46 

-0.14                  
(-0.26, 0.02) 

0.024  4.96 4.90 
-0.06 

(-0.22, 0.11) 
0.497 

Post-FVC (L)      4.63 4.56 
-0.08 

(-0.24, 0.08) 
0.322  4.92 4.87 

-0.06  
(-0.22, 0.11) 

0.510 

FEV1/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- 
FEV1/FVC 

     0.91 0.89 
-.02 

(-0.03, -0.01) 
0.021  0.85 0.83 

-0.02 
(-0.03, 0.00) 

0.052 

FEF25-75  (L) 2.49 2.25 
-0.25 

(-0.440, -0.059) 
0.010  4.56 4.00 

-0.56 
(-0.75, -0.36) 

<0.001  4.05 3.31 
-0.75 

(-1.01, -0.49) 
<0.001 

Post FEF25-75 
(L) 

     4.98 4.56 
-0.42 

(-0.67, -0.17) 
0.001  4.64 4.24 

-0.40 
(-0.67, -0.13) 

0.004 

 

  



(b) Smokers without asthma versus non-smokers without asthma participants  

 10 years  18 years  26 years 

 

Non-
smokers 
without 
asthma 
N=422  

Smokers 
without 
asthma 
N=203 

Difference P value 

 Non-
smokers 
without 
asthma 
N=417 

Smokers 
without 
asthma 
N=176 

Difference P value 

 Non-
smokers 
without 
asthma 
N=313  

Smokers 
without 
asthma 
N=142 

Difference P value 

FEV1 (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-FEV1 (L)      4.18 4.18 
0.00 

(-0.10, 0.10) 
0.975  4.16 4.08 

-0.08 
(-0.18, 0.02) 

0.131 

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-FVC (L)      4.63 4.66 
0.03 

(-0.09, 0.14) 
0.643  4.92 4.93 

0.00 
(-0.11, 0.12) 

0.970 

FEV1/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- 
FEV1/FVC 

     0.91 0.90 
-0.01 

(-0.02, 0.01) 
0.359  0.85 0.83 

-0.02 
(-0.03, -0.01) 

0.005 

FEF25-75 (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 FEF25-75 
(L) 

     4.98 4.90 
-0.09 

(-0.27, 0.08) 
0.299  4.64 4.38 

-0.27 
(-0.46, -0.09) 

0.004 

  

  



(c) Smokers with asthma versus non-smokers without asthma participants  

 10 years  18 years  26 years 

 

Non-
smokers 
without 
asthma 
N= 422 

Smokers 
with 

asthma 
N=40  

Difference 
P 

value 

 Non-
smokers 
without 
asthma 
N=417  

Smokers with 
asthma 

N=32 
Difference 

P 
value 

 Non-
smokers 
without 
asthma 
N=313  

Smokers with 
asthma 

N=30 
Difference 

P 
value 

FEV1 (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-
FEV1 (L) 

 
 

    4.18 4.03 
-0.17 

(-0.36, 
0.02) 

0.080  4.16 3.95 
-0.23 

(-0.42, -
0.03) 

0.021 

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-FVC 
(L) 

     4.63 4.72 
0.08 

(-0.14, 
0.30) 

0.483  4.92 5.03 
0.11 

(-0.12, 
0.33) 

0.351 

FEV1/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- 
FEV1/FVC 

     0.91 0.86 
-0.05 

(-0.07, -
0.03) 

<0.001  0.85 0.79 
-0.06 

(-0.08, -
0.04) 

<0.001 

FEF25-75 
(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 

FEF25-75 
Post (L) 

     4.98 4.30 
-0.74 

(-1.09, -
0.38) 

<0.001  4.64 3.67 
-1.00 

(-1.36, -
0.65) 

<0.001 

 

 

 

 

 

 

 



 

 

 

(d) Smokers with asthma versus non-smokers with asthma participants  

 10 years  18 years  26 years 

 

Non-
smokers 

with 
asthma 

N=80 

Smokers 
with 

asthma 
N=40 

Difference 
P 

value 

 Non-
smokers 

with 
asthma 

N=74 

Smokers 
with 

asthma 
N=32 

Difference 
P 

value 

 
Non-

smokers 
with asthma 

N=62 

Smokers 
with 

asthma  
N=30 

Difference 
P 

value 

FEV1 (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-FEV1 
(L) 

     4.02 4.03 
-0.01 

(-0.23, 0.21) 
0.925  4.02 3.95 

(-0.09 
(-0.32, 0.13) 

0.414 

FVC (L) 2.31 2.32 
0.02 

(-0.17, 0.20) 
0.869  4.46 4.60 

0.13  
(-0.07, 0.32) 

0.215  4.90 4.96 
0.06 

(-0.20,  0.31) 
0.676 

Post-FVC 
(L) 

     4.56 4.72 
0.16 

(-0.10, 0.42) 
0.225  4.87 5.03 

0.16  
(-0.10, 0.43) 

0.227 

FEV1/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 

Post- 
FEV1/FVC 

     0.89 0.86 
-0.03 

(-0.06, -0.01) 
0.013  0.83 0.79 

-0.04 
(-0.07, -0.02) 

0.001 

FEF25-75 
(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 

FEF25-75 
Post (L) 

     4.56 4.30 
-0.30 

(-0.73, 0.09) 
0.130  4.24 3.67 

-0.59 
(-1.03, -0.19) 

0.005 

 

 

 

 

 

 



 

 

 

 

(e) Smokers with asthma versus smokers without asthma participants  

 10 years  18 years  26 years 

 
Smokers 
without 

asthma N=203 

Smokers 
with 

asthma 
N=40 

Difference P value 

 Smokers 
without 
asthma 
N=176  

Smokers 
with 

asthma 
N=32  

Difference P value 

 Smokers 
without 
asthma 
N=142  

Smokers 
with 

asthma 
N=30  

Difference P value 

FEV1 (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-FEV1 
(L) 

     4.18 4.03 
-0.17 

(-0.37, 0.03) 
0.098  4.08 3.95 

-0.15 
(-0.35, 0.06) 

0.153 

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-FVC 
(L) 

     4.66 4.71 
0.05 

(-0.18, 0.29) 
0.658  4.93 5.03 

0.10  
(-0.13, 0.34) 

0.386 

FEV1/FVC 0.89 0.86 
-0.03 

(-0.05, -.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- 
FEV1/FVC 

     0.90 0.86 
-0.05 

(-0.07, -0.02) 
<0.001  0.83 0.79 

-0.04 
(-0.07, -0.02) 

<0.001 

FEF25-75 
(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 

FEF25-75 
Post (L) 

     4.90 4.30 
-0.64 

(-1.01, -0.27) 
0.001  4.38 3.67 

-0.73 
(-1.10, -0.36) 

<0.001 

 

Figures represent mean spirometry parameters pre- and post-salbutamol with mean difference (95% confidence interval) and associated p-value from longitudinal 
modelling. Results divided according to asthma and smoking status at 26 years; (i) Non-smokers without asthma, (ii) Non-smokers with asthma, (iii) Smokers without 
asthma, (iv) Smokers with asthma. Results for 10 and 18 years from GEE longitudinal model for 10 to 18 years adjusted for sex; results for 26 years from a similar model 
for 18 to 26 year 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 to 26 years analysis, results available for 454 participants; post-bronchodilator results 
available for 428 participants.
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Figure 1: Lung function parameters at 10, 18 and 26 years of age by asthma and smoking status 

a) FEV1 Pre-bronchodilator lung function  Post-bronchodilator lung function 

b) FVC 

c) FEV1/FVC 

d) FEF25-75 

Figures describe the mean value of each lung function parameter at 10, 18 and 26 years of age in smokers with 
asthma (open triangle), non-smokers with asthma (open circles), smokers without asthma (closed triangle) and non-
smokers without asthma (closed circles). Data generated from a GEE longitudinal modelling with parameters 
adjusted for sex. Points represent means with 95% confidence intervals. 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 to 26 years analysis, results available for 454 participants; post-bronchodilator results 
available for 428 participants.  



Figure 2: Change in lung function parameters from 10 to 18 and 18 to 26 years of age by asthma and smoking status 

a) FEV1 b) FVC 

c) FEV1/FVC d) FEF25-27 

Figures describe the change in each lung function parameter from 10 to 18 and from 18 to 26 years of age in smokers with asthma (open triangle), non-
smokers with asthma (open circles), smokers without asthma (closed triangle) and non-smokers without asthma (closed circles). Figures generated from a 
regression model with parameters adjusted for sex. Points represent means change in lung function with 95% confidence intervals. Dashed line indicated 
zero change. P-values for comparisons between groups *: p<0.05, **: p<0.01, ***: p<0.001. Post-bronchodilator parameters only available at 18 and 26 
years. Data from 10 to 18 years represents results from 699 participants with data at each point; for the 18 to 26 years analysis, results are from 454 
participants; post-bronchodilator results available for 428 participants.
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Table S1. Demographic and clinical disease details of the participants  

 All  
(n=1030) 

Non-smokers 
without 
asthma 
(n=600) 

Non-smokers 
with asthma 
(n=108) 

Smokers 
without 
asthma 
(n=270) 

Smokers 
with asthma 
(n=52) 

At birth      
Male sex 470 (45.6%) 283 (47.2%) 41 (38.0%) 124 (46.0%) 22 (42.3%) 

Mother smokes 379 (25.0%) 119 (20.0%) 17 (15.7%) 73 (27.3%) 14 (28.0%) 

Father smokes 572 (38.4%) 180 (69.9%) 33 (31.1%) 116 (44.1%) 28 (54.9%) 
Maternal doctor diagnosed 
asthma 

112 (10.9%) 60 (10.0%) 13 (12.0%) 25 (9.3%) 14 (26.9%) 

Maternal eczema 124 (12.0%) 67 (11.2%) 11 (10.2%) 33 (12.2%) 13 (25.0%) 

Maternal hayfever 210 (20.4%) 115 (19.2%) 29 (26.9%) 52 (19.3%) 154 (26.9%) 

Paternal doctor diagnosed 
asthma 

88 (8.5%) 51 (8.5%) 11 (10.2%) 19 (7.0%) 7 (13.5%) 

Paternal eczema 73 (7.1%) 47 (7.8%) 6 (5.6%) 18 (6.7%) 2 (3.9%) 
Paternal hayfever 150 (14.6%) 90 (15.0%) 16 (14.8%) 40 (14.8%) 4 (7.7%) 

At 26 years      

Mean BMI, Kg/m2 26.1 (6.0) 25.8 (5.7) 26.9 (6.6) 26.2 (6.2) 28.4 (7.3) 

Atopic 254 (45.7%) 128 (40.4%) 44 (67.7%) 55 (38.5%) 27 (87.1%) 
Employed 847 (82.5%) 506 (84.5%) 92 (85.0%) 208 (77.6%) 41 (78.8%) 

Current smoking 322 (31.3%) 0 (0.0%) 0 (0.0%) 270 (100.0%) 52 (100.0%) 

Smoking ever 641 (62.2%) 170 (28.3%) 33 (30.6%) 270 (100.0%) 52 (100.0%) 
For smokers ever, median 
duration, years 

9 (6,11) 5 (3,8) 7 (4,8) 11 (8,12) 11 (9,13) 

Other householder smoker 268 (26.0%) 87 (15.5%) 22 (20.4%) 134 (49.6%) 25 (48.1%) 

Wheeze ever 441 (42.8%) 171 (28.5%) 101 (93.5%) 117 (43.3%) 52 (100.0%) 

Wheeze in last year at 26 
years 

237 (23.0%) 52 (8.7%) 89 (82.4%) 44 (16.3%) 52 (100.0%) 

Ever had asthma 325 (31.6%) 109 (18.2%) 108 (100.0%) 56 (20.7%) 52 (100.0%) 
Physician diagnosed 
asthma 

318 (30.9%) 106 (17.7%) 108 (100.0%) 52 (19.3%) 52 (100.0%) 

Median duration of asthma 
by 26 years, years 

5 (3,9) - 6.5 (4,11) - 4 (2,7) 

Rhinitis symptoms ever 486 (47.2%) 245 (40.8%) 75 (69.4%) 128 (47.4%) 38 (73.1%) 

Rhinitis symptoms in last 
year 

435 (42.2%) 220 (36.7%) 69 (63.9%) 110 (40.7%) 36 (69.2%) 

Also conjunctivitis 278 (64.0%) 120 (54.5% 56 (81.2%) 70 (64.2%) 32 (91.4% 

Hay fever ever 474 (46.0%) 243 (40.5%) 74 (68.5%) 120 (44.4%) 37 (71.2%) 
Recurrent itchy rash ever 232 (22.5%) 123 (20.5%) 33 (30.6%) 53 (19.6%) 23 (44.2%) 

Recurrent itchy rash in last 
year 

170 (16.5%) 89 (14.8%) 25 (23.2%) 36 (13.3%) 20 (38.5%) 

Affected folds of the 
elbows behind knees, 

ankles   

104 (61.5% 53 (60.2% 15 (60.0%) 21 (58.3%) 15 (75.0%) 

Eczema ever 296 (28.7%) 154 (25.7%) 49 (45.4%) 66 (24.4%) 27 (51.9%) 



  

Note: Figures represent mean (standard deviation) or median (25th and 75th quartiles). Data are raw data 

from baseline (birth) and 26 year questionnaires. Further information can be found below. 

 

Additional information for table S1 

Variable Questionnaire question 

Ever household smoker Does anyone else in your household smoke? 

Wheeze ever Have you ever had wheezing or whistling  in the chest at any time in the 
past? 

Wheeze in last year at 26 
years 

Have you had wheezing or whistling in the chest in the last 12 months? 

Ever had asthma Have you ever had asthma? 
Physician diagnosed 
asthma 

If you have ever had asthma was it physician diagnosed? 

Rhinitis symptoms ever Have you ever had a problem with sneezing or a runny or blocked nose 
when you did not have a cold? 

Rhinitis symptoms in last 
year 

In the past 12 months have you had a problem with sneezing or a runny 
or blocked nose when you did not have a cold? 

Also conjunctivitis In the past 12 months has this nose problem been accompanied by 
itchy watery eyes? 

Hay fever ever Have you ever had hay fever? 

Recurrent itchy rash ever Have you ever had an itchy rash which comes and goes for at least 6 
months? 

Recurrent itchy rash in last 
year 

Have you had this itchy rash at any time in the last 12 months? 

Affected folds of the 
elbows behind knees, 
ankles   

Has this rash at any time affected the folds of the elbows behind knees, 
ankles? 
 

Eczema ever Have you ever had eczema? 
 

Questions used to generate the variables in Table S1. 

 



  

Table S2. Characteristics of participants in the analysis data set 

Variable All (N=1456) Analysis 
population 
(N=1030) 

Participants 
with LFT at 10 
years (N=980) 

Participants 
with LFT at 18 
years (N=839) 

Participants 
with LFT at 26 
years (N=547) 

Male sex 735 (50.5%) 470 (45.6%) 488 (49.8%) 396 (47.2%) 236 (43.2%) 

Mean BMI, 
Kg/m2 

26.1 (6.0) 26.1 (6.0) 26.1 (6.0) 26.0 (6.0) 26.2 (6.0) 

Employed at 26 
years 

847 (82.4%) 847 (82.4%) 621 (83.4%) 589 (84.3%) 464 (85.0%) 

LFT at 10 years 980 745 745 589 458 
LFT at 18 years 839 699 589 699 454 

LFT at 26 years 547 547 458 454 457 

Ever asthma at 
26 years 

325 (31.6%) 325 (31.6%) 238 (31.9%) 216 (30.9%) 182 (33.3%) 

Wheeze in last 
year at 26 years 

237 (23.0%) 237 (23.0%) 177 (23.7%) 152 (21.7%) 141 (25.8%) 

Hay fever ever 
at 26 years 

474 (46.0%) 474 (46.0%) 353 (47.4%) 329 (56.2%) 258 (47.2%) 

Eczema ever at 
26 years 

296 (28.7%) 296 (28.7%) 219 (29.4%) 197 (28.2%) 171 (31.3%) 

Smoking at 26 
years 

322 (31.3%) 322 (31.3%) 243 (32.6%) 208 (29.8%) 172 (31.4%) 

 

Figures represent mean (standard deviation) or median (25th and 75th quartiles). Data are crude data 

from baseline (birth) and 26 year questionnaires. LFT = lung function testing 

 

Participants who attended the Centre for lung function measurements (n=547) were compared to 

cohort members who participated at 26 years assessment and provided any data (Table S2). There were 

no significant differences indicating that the subgroup who was assessed for lung function was 

representative of the overall cohort.  . 

  



  

 

Table S3. Spirometry at 10, 18 and 26 years of age in male and female participants 

 Male Female 
 10 years 18 years 26 years 10 years 18 years 26 years 

FEV1 (L) 
2.06 

(0.30) 
4.62 

(0.62) 
4.61 

(0.72) 
2.00 

(0.29) 
3.47 

(0.45) 
3.42 

(0.43) 

FEV1 percent 
predicted 

98.9% 
(11.5) 

106.75% 
(13.48) 

98.85% 
(12.71) 

98.1% 
(11.0) 

100.74% 
(12.36) 

100.79% 
(10.88) 

Post-FEV1 (L) 
 4.83 

(0.64) 
4.81 

(0.72) 
 3.64 

(0.46) 
3.55 

(0.44) 

Post-FEV1 percent 
predicted 

 106.75% 
(13.48) 

103.22% 
(12.24) 

 100.74% 
(12.36) 

104.26% 
(10.84) 

FVC 
2.35 

(0.34) 
5.35 

(0.72) 
5.85 

(0.82) 
2.24 

(0.33) 
3.96 

(0.53) 
4.24 

(0.54) 

FVC percent 
predicted 

101.2 
(10.7) 

112.9 
(15.7) 

104.3 
(11.7) 

100.0 
(9.5) 

107.0 
(15.0) 

106.5 
(11.3) 

FEV1/FVC 
0.88 

(0.06) 
0.87 

(0.07) 
0.79 

(0.07) 
0.90 

(0.06) 
0.88 

(0.07) 
0.81 

(0.06) 

FEV1/FVC percent 
predicted 

101.18% 
(6.94) 

101.08% 
(8.60) 

94.33% 
(8.59) 

104.09% 
(6.51) 

101.38% 
(8.84) 

94.27% 
(7.41) 

Post- FEV1/FVC 
 0.89 

(0.07) 
0.83 

(0.06) 
 0.91 

(0.06) 
0.85 

(0.06) 

Post- FEV1/FVC 
percent predicted 

 104.17% 
(7.75) 

98.73% 
(7.78) 

 104.62% 
(8.21) 

98.39% 
(6.92) 

FEF25-75 (L) 
2.38 

(0.56) 
4.99 

(1.16) 
4.37 

(1.24) 
2.48 

(0.56) 
3.95 
(0.87) 

3.44 
(0.84) 

FEF25-75 percent 
predicted 

95.23% 
(21.21) 

110.82% 
(25.91) 

90.42% 
(24.74) 

104.76% 
(22.75) 

102.39% 
(32.80) 

89.83% 
(21.68) 

Post-FEF25-75 (L) 
 5.51 

(1.11) 
5.08 

(1.30) 
 4.40 

(0.89) 
4.00 

(0.88) 

Post-FEF25-75 (L) 
percent predicted 

 123.98% 
(25.50) 

105.19% 
(25.44) 

 114.95% 
(34.51) 

104.29% 
(22.52) 

 

Figures are means (standard deviations). Data represent crude data. Lung function was only repeated 

after bronchodilator at 18 and 26 year assessments. 



  

Table S4. Lung function at 26 year by parental smoking at birth 

 Parental smoking at birth  No parental smoking at birth 

Pre-bronchodilator 
 FEV1 FEV1/FVC FEF25-75 FVC  FEV1 FEV1/FVC FEF25-75 FVC 

Non-smokers 
without asthma 

3.98  
(3.89, 4.07) 

0.810  
(0.798, 0.822) 

3.96  
(3.79, 4.13) 

4.94  
(4.83, 5.04) 

 4.03  
(3.96, 4.09) 

0.816  
(0.807, 0.824) 

4.09  
(3.96, 4.21) 

4.96  
(4.88, 5.04) 

Non-smokers with 
asthma 

3.46  
(3.23, 3.69) 

0.755  
(0.724, 0.786) 

2.96  
(2.62, 3.40) 

4.61  
(4.33, 4.88) 

 3.85 
(3.71, 4.00) 

0.777  
(0.758, 0.796) 

3.47  
(3.19, 3.74) 

4.99  
(4.82, 5.17) 

Smokers without 
asthma 

3.83  
(3.71, 3.95) 

0.788  
(0.773, 0.804) 

3.63  
(3.40, 3.85) 

4.89  
(4.75, 5.03) 

 4.02  
(3.92, 4.13) 

0.801  
(0.787, 0.815) 

3.89  
(3.68, 4.09) 

5.04  
(4.91, 5.17) 

Smokers with 
asthma 

3.63  
(3.40, 3.87) 

0.770  
(0.739, 0.801) 

3.16  
(2.71, 3.60) 

4.73 
(4.45. 5.01) 

 3.90  
(3.62, 4.18) 

0.737  
(0.700, 0.773) 

3.12  
(2.60, 3.65) 

5.33  
(5.00, 5.67) 

Post-bronchodilator 

Non-smokers 
without asthma 

4.13  
(4.03, 4.22) 

0.845  
(0.834, 0.856) 

4.55  
(4.37, 4.72) 

4.90  
(4.79, 5.01) 

 4.16  
(4.09, 4.23) 

0.847  
(0.839, 0.855) 

4.68  
(4.55, 4.81) 

4.93  
(4.84, 5.00) 

Non-smokers with 
asthma 

3.69  
(3.43, 3.95) 

0.802  
(0.771, 0.833) 

3.54  
(3.06, 4.03) 

4.63  
(4.33, 4.92) 

 4.12  
(3.97, 4.27) 

0.839  
(0.821, 0.856) 

4.47  
(4.20, 4.75) 

4.93  
(4.75, 5.10) 

Smokers without 
asthmas 

3.95  
(3.83, 4.08) 

0.822  
(0.808, 0.837) 

4.14  
(3.92, 4.37) 

4.83  
(4.69, 4.97) 

 4.20  
(4.09, 4.32) 

0.838  
(0.824, 9.851) 

4.60  
(4.39, 4.81) 

5.02  
(4.89. 5.15) 

Smokers with  
asthma 

3.84  
(3.60, 4.08) 

0.798  
(0.769, 0.826) 

3.64  
(3.19, 4.09) 

4.84  
(4.56, 5.11) 

 4.10  
(3.81, 4.39) 

0.763  
(0.730, 0.797) 

3.61  
(3.07, 4.14) 

5.40  
(5.06, 5.74) 

 

Figures describe the mean value of each lung function parameter at 26 years of age in smokers with asthma (open triangle), non-smokers with 

asthma (open circles), Smokers without asthma (closed triangle) and non-smokers without asthma (closed circles) from longitudinal models. 

Data are split between those who were and were not exposure to parental smoking in early life. Data generated from a GEE longitudinal model 

with parameters adjusted for sex. Values represent means (95% confidence intervals). Data from 454 participants; post-bronchodilator results 

available for 428 participants. 



Figure S1: Lung Function Parameters at 10, 18 and 26 years of age by asthma and smoking status 

Pre-bronchodilator lung function  Post-bronchodilator lung function 
a) FEV1 

b) FVC 

c) FEV1/FVC 

d) FEF25-75 

Figures describe the mean value of each lung function parameter at 10, 18 and 26 years of age in Smokers with asthma (open triangle), Non-smokers with 
asthma (open circles), Smokers without asthma (closed triangle) and Non-smokers without asthma (closed circles). Data generated from a GEE longitudinal 
model with parameters adjusted for sex. Points represent means with 95% confidence intervals. Post-bronchodilator parameters only available at 18 and 26 
years. Data from 10 to 26 years represents results available for 401 participants with data at each point; post-bronchodilator results available for 428 
participants. 



Figure S2: Percent predicted lung function parameters at 10, 18 and 26 years of age by asthma and smoking status 

Pre-bronchodilator lung function     Post-bronchodilator lung function

a) Percent 
predicted FEV1 

b) Percent
predicted FVC 

c) Percent
predicted 
FEV1/FVC 

d) Percent
predicted 
FEF25-75 

Figures describe the mean value of each percent predicted lung function parameter at 10, 18 and 26 years of age in Smokers with asthma (open triangle), Non-
smokers with asthma (open circles), Smokers without asthma (closed triangle) and Non-smokers without asthma (closed circles). Data generated from a GEE 
longitudinal models. Points represent means with 95% confidence intervals. Post-bronchodilator parameters only available at 18 and 26 years. Data from 10 to 
26 years represents results available for 401 participants with data at each point; post-bronchodilator results available for 428 participants. 




