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AbstrACt
Objective In daily clinical practice, smokers with asthma 
and with intermittent disease severity are frequently 
encountered. The effects of short-term smoking on lung 
function or disease presentation in younger patients with 
intermittent adult-onset asthma remain unclear. We sought 
to clarify the effects of short-term smoking (<10 pack-
years) on lung function and airway hyper-responsiveness 
(AHR) in young patients with untreated intermittent adult-
onset asthma.
Design Retrospective, cross-sectional study.
setting A single primary–tertiary medical centre in Japan.
Participants From patients who underwent 
bronchodilator reversibility tests between January 2004 
and March 2011 (n=7291), 262 consecutive patients 
(age, 20–34 years) with untreated intermittent adult-onset 
asthma, including 157 never smokers and 105 current 
smokers within 10 pack-years, were analysed.
Primary and secondary outcome measures The 
primary outcome was the association of the daily 
smoking frequency (number of cigarettes per day), 
smoking duration (years) and cumulative smoking history 
(pack-years) with postbronchodilator lung function. The 
secondary outcome was the association of the former 
three smoking parameters with AHR.
results The daily smoking frequency, smoking duration 
and cumulative smoking history were significantly 
associated with decreased postbronchodilator lung 
function. Daily smoking of ≥11 cigarettes per day was also 
associated with marked AHR (OR 2.23; 95% CI 1.03 to 
4.80), even after adjustment for age, sex, disease duration 
and body mass index.
Conclusion Short-term active smoking in early 
adulthood may be associated with decreased lung 
function and AHR, even in patients with intermittent 
adult-onset asthma. Our findings suggest a benefit of 
never smoking, even for young patients with intermittent 
adult-onset asthma.

IntrODuCtIOn
Very few studies have demonstrated the 
effects of smoking on lung function in adult 
patients with asthma. Because smokers with 
asthma are generally excluded from surveys 
to avoid affecting results by including chronic 
obstructive pulmonary disease (COPD), 
there are limited number of studies including 
this patient population.1–4 Consequently, the 
effects of short-term smoking on disease 
presentation in patients with asthma remain 
unclear.

Generally, asthma is recognised as a disease 
that develops in childhood, although adult-
onset asthma reportedly appears as a domi-
nant phenotype in women by the age of 40 
years.5 Differentiation of severe asthmatics 
on the basis of the age at onset identifies the 
phenotypes of asthma.6 Patients with late or 
adult-onset asthma are frequently non-atopic 
and exhibit lower lung function than patients 
with early or childhood-onset asthma, even 
though the disease duration is shorter in the 

strengths and limitations of this study

 ► We focused on young patients (age:  20–34 years) 
with intermittent adult-onset asthma who had been 
smoking for <10 pack-years.

 ► We included patients with no history of treatment for 
asthma to eliminate the effects of treatment on lung 
function and airway hyper-responsiveness.

 ► Data were derived from a single centre, and the 
study was retrospective, which could have caused 
recall bias.
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former than in the latter.7 Another study identified five 
clusters of adult-onset asthma: smoking, obesity related, 
female, atopic and non-rhinitic asthma. The authors 
found that smoking and obesity-related asthma showed 
the poorest outcomes and maximum unmet needs in 
terms of treatment.8 Thus, investigation of the effects of 
smoking in patients with adult-onset asthma is clinically 
meaningful.

In daily clinical practice, smokers with intermittent 
asthma are frequently encountered. Some patients with 
intermittent asthma continue smoking without apparent 
worsening of symptoms, although we generally encourage 
all patients with asthma to quit smoking because some 
studies have shown that long-term smoking results in 
decreased lung function and a modified disease presenta-
tion.9–15 However, the effects of short-term active smoking 
on lung function or disease presentation in a population 
of younger patients with intermittent adult-onset asthma 
remain to be elucidated. Data suggesting the benefits of 
never smoking for young adult patients are expected to 
provide important basic information for the construction 
of an asthma education programme.

From these perspectives, we conducted the present 
study to determine the effects of short-term smoking (<10 
pack-years) on lung function and airway hyper-respon-
siveness (AHR) in young patients aged 20–34 years with 
untreated intermittent adult-onset asthma.

MethODs
study design and patients
This retrospective, cross-sectional study included young 
patients (age, 20–34 years) with untreated intermittent 
adult-onset asthma who visited the Department of Aller-
gology at Sagamihara National Hospital for the first time 
between January 2004 and March 2011.

Figure 1 shows the study flow chart. From patients who 
underwent bronchodilator reversibility tests between 
January 2004 and March 2011 (n=7291), those who met 
the following criteria were included in our study: age, 
20–34 years; age at asthma onset, ≥16 years; diagnosis 
of asthma; presence of intermittent asthma symptoms 
(symptoms of cough, wheezing, chest tightness or diffi-
culty breathing less than twice a week and night-time 
symptoms less than twice a month)16and no history of 
treatment for asthma. To evaluate the direct effect of 
smoking on lung function, we included patients without 
childhood asthma, which is a risk factor for persistent 
airflow limitation. The parents of majority of the patients 
were not present at the time of examination, so we could 
only record a surveyed self-reported history of child-
hood asthma. Moreover, to minimise the likelihood of 
COPD, we included patients aged <35 years. Asthma was 
diagnosed according to the American Thoracic Society 
guidelines,17 and it was defined as recurrent episodes of 
at least one symptom (paroxysms of dyspnoea, wheezing 
or cough) associated with airway reversibility (12% and 
200 mL increase in the forced expiratory volume in one 

second (FEV1) with a short-acting beta 2 agonist and/or 
increased AHR, represented by a histamine provocative 
concentration of the agonist causing a decrease in FEV1 
by >20% (HisPC20) of <8 mg/mL). Intermittent asthma 
symptoms were defined in accordance with the Global 
Initiative for Asthma guidelines.16 To eliminate the effects 
of treatment on lung function and AHR, we included 
patients without history of treatment for asthma.

To evaluate the direct effect of smoking on lung func-
tion and AHR, we excluded patients with an abnormal 
shadow on a chest radiograph, pregnant patients, patients 
with symptoms of respiratory tract infection and past 
smokers. Finally, we analysed 262 consecutive patients 
by reviewing their clinical records. These patients were 
classified as never smokers and current smokers. Current 
smokers were stratified into two groups on the basis of 
the median value for each smoking parameter (number 
of cigarettes per day, smoking duration in years and 
cumulative smoking history in pack-years). The smoking 
history was investigated by an attending physician and a 
spirometry laboratory technician independently. In daily 
clinical practice, we carefully investigated the age when 
the smoking habit started and the number of cigarettes 
per day, which was the mean number during the previous 
month. First, an interview was performed by an attending 
physician at the initial visit. Second, a spirometry labo-
ratory technician investigated the smoking history. If the 
smoking histories did not match, the spirometry labora-
tory technician consulted with the patient again to obtain 
the correct (self-reported) information.

Atopy was defined as a positive skin prick test to extracts 
of one or more inhalant allergens (including house dust 
mite, Japanese cedar, timothy, birch, ragweed, mugwort, 
dog, cat, Alternaria alternata, Aspergillus fumigatus and 
Cladosporium cladosporioides).18 The CAP System FEIA, 
Fluorescence Enzyme Immuno Assay (Phadia, Uppsala, 
Sweden) based on ImmunoCAP technology was used for 
the measurement of total serum IgE according to the 
manufacturer’s instructions.

Outcome variables
Lung function
All patients underwent bronchodilator reversibility 
tests at their initial visit. In general, patients are asked 
to avoid taking short-acting inhaled bronchodila-
tors such as salbutamol, a β2-agonist, within 4 hour of 
testing. In addition, administration of long-acting beta 
2 agonists (LABAs) such as salmeterol and formoterol 
and oral therapy with aminophylline or slow-release 
β2 agonists are discontinued for 12 hours prior to the 
test. However, in this study, we recruited never-treated 
patients. First, three acceptable values were recorded 
for all of the following factors (‘pre’ values): FEV1, the 
forced vital capacity (FVC) and the peak expiratory 
flow (PEF) using a spirometer (Auto Spiro AS–303; 
Minato Medical Science, Osaka, Japan). ‘Acceptable’ 
was defined as follows: enough efforts in all examina-
tions (maximal inspiration, rapid start of exhalation, 
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attainment of PEF, persistence of expiration), absence 
of artefacts (cough at exhalation, voicing), good 
start of expiration and adequate exhalation volume. 
Then, the patient was instructed to inhale four puffs 
of salbutamol (100 µg each) on separate breaths at 
30 s intervals for a total dose of 400 µg. Each inhala-
tion involved one puff in one breath to the total lung 
capacity from a valved spacer device. Finally, three addi-
tional acceptable values for FEV1, FVC and PEF were 
recorded ≥10 min and <15 min after salbutamol inhala-
tion (‘post’ values).19 Bronchial asthma is characterised 
by airway reversibility following bronchodilator inhala-
tion. Airway reversibility demonstrates the effectiveness 
of the bronchodilator.17 Therefore, delta FEV1 (%) 

((Postbronchodilator FEV1–prebronchodilator FEV1)/
prebronchodilator FEV1(L)×100) was calculated.19 
Because irreversible lower lung function is associated 
with a fixed airflow limitation, ‘post’bronchodilator 
lung function is used as a marker of airway remodel-
ling.20 Therefore, the primary outcome was the associ-
ation of ‘post’bronchodilator lung function with daily 
smoking frequency (number of cigarettes per day), 
smoking duration (years) and cumulative smoking 
history (pack-years).

Airway hyper-responsiveness
Among the 262 patients, 213 underwent a histamine 
airway challenge test within 1 week after the initial visit, 

Figure 1 Study flowchart. In total, 7291 patients underwent bronchodilator reversibility tests. Of these, 262 consecutive 
patients with intermittent adult-onset asthma were analysed via a review of their clinical records. GERD, gastro-esophageal 
reflux disease.
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whereas the remaining underwent the test within 4 weeks 
after the initial visit. The AHR test was performed with 
histamine by tidal breathing method according to a stan-
dardised method for challenge testing.21 AHR was consid-
ered present when HisPC20 was <8 mg/mL. HisPC20 
results of 1–4 mg/mL and <1 mg/mL were considered to 
indicate mild and moderate to severe AHR, respectively.22 
We wanted to use the <1 mg/mL value as the cut-off point 
for marked AHR, but the number of patients who showed 
AHR below 1 mg/mL was small, and the median (IQR) 
HisPC20 value was 1.99 mg/mL (0.89–4.10). In some 
previous studies, 2 mg/mL was used as the cut-off point.23 
Therefore, we decided to use a cut-off HisPC20 value of 
2 mg/mL to define marked AHR.

statistical analyses
The collected data were analysed using SPSS V.21.0 soft-
ware (IBM). Demographic variables, the age at onset, the 
duration of asthma and the proportion of atopic patients 
were compared among never smokers, current smokers 
with a greater smoking history and current smokers with 
a lesser smoking history. The statistical significance of 
differences in normally and non-normally distributed 
continuous variables among the three groups was anal-
ysed using analysis of variance and the Kruskal-Wallis test, 
respectively. The χ2 test was used to determine whether 
the distributions of categorical variables exhibited signifi-
cant differences. The smoking parameters were collinear, 
so they could not be included in the same model. The 
association between postbronchodilator lung function 
and smoking parameter was evaluated using multiple 
linear regression analysis adjusted for age, sex, disease 
duration and body mass index (BMI). Non-normally 
distributed covariates were log transformed. Moreover, 
we validated the models by confirming that the residuals 
were normally distributed. The effect of smoking on AHR 
was also evaluated using multivariate logistic regression 
analysis adjusted for age, sex, disease duration and BMI. 
A p value of <0.05 was considered statistically significant.

results
Patient characteristics
We focused on short-term smoking, and the median (IQR) 
number of pack-years was 4.0 (2.0–6.3) for all current 
smokers. The clinical characteristics of the patients strat-
ified on the basis of the number of pack-years are shown 
in table 1. There was no significant difference in the dura-
tion of asthma or proportion of atopic patients among 
the three groups. The age at examination, age at asthma 
onset, sex ratio and peripheral blood eosinophil count 
showed significant differences among the three groups, 
whereas the serum total IgE level showed no significant 
differences. Online supplementary tables S1 and S2 show 
the characteristics of patients stratified by the number of 
cigarettes per day and the duration of smoking, respec-
tively. There were no significant differences in parameters 

except for the age at examination and asthma onset 
among the three tables.

Dose-dependent association between the smoking parameter 
and postbronchodilator lung function
Table 2 shows the association between the smoking param-
eter and postbronchodilator lung function, determined 
using multiple linear regression analysis adjusted for age, 
sex, disease duration (log transformed) and BMI. The 
smoking parameters were collinear, so they could not be 
included in the same model. Current smokers were strat-
ified into two groups on the basis of the median value for 
each smoking parameter (current smokers with a greater 
smoking history and lesser smoking history).

The postbronchodilator lung function of current 
smokers was significantly lower than that of never smokers, 
even though the smoking history was <10 pack-years.

Although similar results were obtained for all three 
smoking parameters, we have showed the R-squared 
(R2) for each regression equation in table 2. The dura-
tion of smoking showed the highest R2 among the three 
smoking parameters.

Association between the smoking parameter and Ahr
Among the 262 patients, 213 underwent a histamine 
airway challenge test (HisPC20: median (IQR), 1.99 
(0.89–4.10)); HisPC20 was <2 mg/mL and ≥2 mg/mL 
for 107 and 106 patients, respectively. The association 
between marked AHR (HisPC20 <2 mg/mL) and the 
smoking parameter, determined using multivariate 
logistic regression analysis adjusted for age, sex disease 
duration (log transformed) and BMI is shown in table 3. 
The smoking parameters were collinear, so they could not 
be included in the same model. Therefore, we created 
three separate models. Among the smoking parameters, 
only the number of cigarettes per day remained signifi-
cant. The OR for marked AHR in the ≥11 cigarettes/day 
group was 2.23 (95% CI) 1.03 to 4.80). Moreover, the 
association between the number of cigarettes per day and 
marked AHR showed the highest pseudo R2 result.

Patient and public involvement
There was no patient and public involvement.

DIsCussIOn
In the present study, we demonstrated that short-term 
active smoking (<10 pack-years) in young patients with 
untreated intermittent adult-onset asthma was associated 
with decreased lung function and AHR. The daily smoking 
frequency (number of cigarettes per day), smoking dura-
tion (years) and cumulative smoking history (pack-years) 
were significant predictors of a decreased lung function, 
even though the patients were young adults with intermit-
tent asthma. Furthermore, the daily smoking frequency 
remained as an independent determinant of marked AHR 
(HisPC20<2 mg/mL). Collectively, these findings suggest 
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a benefit of never smoking even for young patients with 
intermittent adult-onset asthma.

Our study showed the effects of short-term smoking 
(<10 pack-years) in patients with adult-onset asthma and 
revealed that a cumulative smoking history of <10 pack 
years was associated with lower lung function not fully 
responsive to bronchodilator and marked AHR. Epide-
miological evidence suggests that a smoking history 
of ≥10 pack-years causes an accelerated decline in lung 
function in patients with adult asthma.2 3 Elderly current 
smokers with asthma who have a prolonged high pack-
years (mean±SD, 41±23) comprise a population that is at 
high risk of severe or life-threatening disease exacerba-
tion, regardless of the relatively small disease duration.24 
Although our study is not a longitudinal study, it can 
be considered to be at the lower end of a continuum of 
studies reporting lung function declines in adult patients 
with asthma and a relevant smoking history. Even after 
the inhalation of a bronchodilator, there was a signif-
icant difference in lung function between the never 

smokers and current smokers in our study. This finding 
indicates that even a short smoking duration (<10 pack-
years) is associated with a future risk of persistent airflow 
limitation.

The smoking duration exhibited the highest R2 in the 
multiple linear regression analysis adjusted for age, sex, 
disease duration and BMI. This finding suggests that 
the smoking duration can have a profound effect on 
lung function when compared with the results of other 
smoking parameters (cigarettes per day and pack-years). 
However, the prediction accuracy of the models is not 
very high. This implies that the influence of smoking may 
vary among individuals.

The ΔFEV1 before and after bronchodilator inhalation 
tended to be higher for smokers than for never smokers, 
but the difference was not statistically significant. This was 
because the smoking group exhibited poor lung func-
tion at baseline, but statistical significance was not shown 
owing to the small sample size of this study. However, even 
after bronchodilator inhalation, postbronchodilator lung 

Table 1 Characteristics of young patients with untreated intermittent adult-onset asthma who were categorised by the 
cumulative smoking history (pack-years)

Cumulative smoking history (pack-years)

P value
Never
(n=156)

0< pack-years ≤4*
(n=55)

>4 pack-years
(n=51)

Age (years) 26.9±4.7 26.9±3.9 29.0±2.7 <0.001

Age at onset (years) 24.9±5.0 23.8±4.5 26.9±3.9 0.001

Men, n (%) 35 (22.4) 15 (27.3) 24 (47.1) 0.003

Duration of asthma (months) 10 (2–36) 12 (2–60) 12 (2–36) 0.448

BMI, kg/m2 21.6±3.4 22.4±4.5 21.9±3.3 0.337

Total IgE (IU/mL) 164 (70–537) 217 (55–721) 248 (78–807) 0.243

Peripheral blood eosinophil (count) 230 (105–405) 290 (160–490) 350 (250–700) 0.016

Atopy, n (%) 138 (89) 47 (86) 50 (98) 0.075

Prebronchodilator lung function

  FEV1 (% predicted) 96.4±12.6 89.9±10.3 90.6±15.5 <0.001

  FEV1/FVC ratio 0.85±0.07 0.82±0.08 0.80±0.08 <0.001

  FVC (L) 3.50±0.70 3.49±0.83 3.82±0.92 0.053

  FVC (%) 107±12.7 103±17.6 106±15.0 0.187

  FEF25–75 (% predicted) 76.3±22.4 65.0±17.8 65.8±23.0 <0.001

Postbronchodilator lung function

  FEV1 (% predicted) 101±14.7 96.2±12.2 92.4±22.4 0.025

  FEV1/FVC ratio 0.89±0.07 0.87±0.07 0.81±0.10 <0.001

  FEF25–75 (% predicted) 89.2±21.3 80.1±19.9 75.5±26.6 0.001

ΔFEV1 (%)† 4.89±12.6 7.58±7.90 7.78±5.24 0.151

HisPC20 (mg/mL) 2.52 (1.05–4.50) 1.63 (0.40–3.28) 1.48 (0.64–2.55) 0.003

Data are presented as means±SD, n (%) or medians (IQRs).
Postbronchodilator FVC is missing value, therefore, the data are not shown.
Results highlighted in bold indicate statistically significant findings. 
*Current smokers were stratified on the basis of the median value for each smoking parameter.
†(Postbronchodilator FEV1–prebronchodilator FEV1)/prebronchodilator FEV1(L)×100.
BMI, body mass index; FEF25–75, forced expiratory flow between 25% and 75% of the vital capacity; FEV1, forced expiratory volume in one 
second; FVC, forced vital capacity; HisPC20, provocative concentration of histamine leading to a decrease in the FEV 1 by >20%.
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function was significantly lower in smokers than in never 
smokers. Thus, smoking cessation is mandatory even for 
patients with intermittent adult-onset asthma.

The reason for increased peripheral blood cells in 
smokers with asthma remains unknown. In a previous 
cluster analysis,8 a cluster of patients with adult-onset 
asthma and the strongest history of smoking (smoking 
asthma) was identified, and this was the only group that 
showed no decrease in blood eosinophils from diagnosis 
to the 12 year follow-up. On the other hand, patients with 
asthma–COPD overlap in another study showed higher 
blood neutrophil levels than did patients with adult-onset 
asthma.25 These findings indicate an alteration in the 
inflammatory cell response in smokers with asthma. The 
generation of leukotriene B4 by peripheral blood leuco-
cytes is greater in smokers with asthma than in never 
smokers with asthma.26 We wanted to examine differ-
ences in the effects of smoking on lung function between 
patients with atopic asthma and those with non-atopic 
asthma; however, the number of patients with non-atopic 
asthma was too small for statistical analysis.

Intriguingly, only the number of cigarettes per day, 
and not the duration of smoking and cumulative 
consumption, was a significant predictor of marked AHR 
(HisPC20<2 mg/mL) in our study, even after adjusting 
for age, sex, disease duration and BMI. Moreover, the 
association between the number of cigarettes per day and 
marked AHR showed the highest pseudo R2. These find-
ings suggest that the number of cigarettes smoked per day 
has a greater effect on AHR than the smoking duration. As 
noted earlier, it may be that the influence of smoking may 
vary among individuals. AHR could be influenced by acute 
inflammatory stimuli with daily cigarette smoke, whereas 
persistent airflow limitation may be more closely associ-
ated with chronic exposure. Juusela et al27 reported that a 
smoking history of at least 8.5 pack-years yielded an OR of 
2.65 (95% CI 1.40 to 5.00) for AHR (the provocative dose 
of histamine inducing a fall of FEV1 by 15% (PD15FEV1 
value)≤1.6 mg), while a history of <8.5 pack-years yielded 
an OR of 0.75 (95% CI 0.31 to 1.83). The mean age of 
the subjects enrolled in their study was 46.4±10.2 years, 
and the mean cumulative smoking history was 8.51±11.3 

Table 2 Multiple linear regression analysis for the association between postbronchodilator lung function and the smoking 
status in young patients with untreated intermittent adult-onset asthma

Postbronchodilator lung 
function, (continuous)

Number of cigarettes per day

Adjusted R2

Never smoker 1–10† ≥11

n=156 n=55 n=51

(Ref.)
Partial regression coefficient 
(95% CI)

Partial regression coefficient 
(95% CI)

FEV1 (% predicted) 0 −6.72 (−12.0 to −1.41)* −7.76 (−13.7 to −1.81)* 0.032

FEV1/FVC ratio 0 −0.032 (−0.062 to −0.001)* −0.040 (−0.079 to −0.001)* 0.170

FEF25–75 (% predicted) 0 −9.77 (−17.2 to −2.38)* −10.4 (−18.7 to −2.15)* 0.045

Duration of smoking (years)

Never 1–7 years† ≥8 years

n=156 n=49 n=57

FEV1 (% predicted) 0 −2.89 (−8.64 to 2.86) −11.1 (−16.6 to −5.63)** 0.054

FEV1/FVC ratio 0 −0.012 (−0.049 to. 026) –0.049 (−0.080 to −0.017)** 0.186

FEF25–75 (% predicted) 0 −6.49 (−14.6 to 1.61) −13.2 (−20.9 to −5.47)** 0.053

Cumulative consumption, pack-years

Never 0<pack years≤4† >4 pack-years

n=156 n=55 n=51

FEV1 (% predicted) 0 −5.29 (–10.6 to –0.005)* −9.91 (−15.9 to −3.97)** 0.039

FEV1/FVC ratio 0 −0.021 (−0.052 to 0.001) −0.055 (–0.091 to −0.018)** 0.185

FEF25–75 (% predicted) 0 −8.85 (−16.3 to −1.43)* −11.7 (−20.0 to −3.35)** 0.047

Each lung function parameter was separately analysed after adjustment for sex, age, disease duration (log transformed) and BMI.
Each partial regression coefficient shows the difference between mean values and those for never smokers after adjustment for sex, age, 
disease duration (log transformed) and BMI.
Results highlighted in bold indicate statistically significant findings. 
 *P<0.05 , **P<0.01  versus  never smoker. 
†Current smokers were stratified on the basis of the median value for each smoking parameter.
BMI, body mass index; FEV1, forced expiratory volume in one second ; FVC, forced vital capacity ; FEF25–75, forced expiratory flow between 25 
% and 75 % of the vital capacity . 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-023450 on 4 June 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


7Watai K, et al. BMJ Open 2019;9:e023450. doi:10.1136/bmjopen-2018-023450

Open access

pack-years. The >4 pack year group (n=38) in our study 
did not show a significant OR for marked AHR (OR 1.96 
(95% CI 0.90 to 4.26), p=0.09); Our finding regarding 
the association between pack-years and marked AHR are 
consistent with the finding of Juusela et al27 but was not 
significant, which could be due to the small number of 
events. Our findings suggest that marked AHR could be 
caused even by a lower pack-year history. The non-specific 
AHR to methacholine is higher in women than in men.28 
In the present study, there were no significant sex-related 
differences in lung function and AHR (data not shown).

The strength of our study is that we focused on adult-
onset asthma with short smoking history (<10 pack-years) 
and excluded patients with childhood asthma, which is a 
risk factor for persistent airflow limitation, to evaluate the 
direct effects of smoking on lung function,29 even though 
Hancox et al30 found no evidence of additive or multipli-
cative effects of childhood-persistent asthma on airflow 
obstruction. Moreover, to minimise the likelihood of 
including patients with COPD, we only included patients 
aged <35 years.

This study has some limitations. First, this was a cross-sec-
tional study that cannot yield insight into the causal rela-
tionship between smoking and the outcomes measured. 
Second, bronchodilator response and/or AHR were used 
as both inclusion criteria and outcome variables, which 
could have led to bias that may limit the generalisability of 
the findings. Third, the effect of smoking cessation on lung 
function and AHR was not evaluated. Young smokers with 
intermittent asthma exhibit low rates of smoking cessa-
tion. Moreover, the median time until smoking cessation 

is 17 years among adults with asthma.31 Therefore, the 
effects of active cigarette smoking, even for a short term, 
on the lung function of young adult patients with inter-
mittent asthma was worth clarifying in this study. Fourth, 
we did not evaluate the effects of childhood or current 
passive smoking on the lung function of never smokers. 
The risk of smoking among children residing with parents 
who are persistent heavy smokers is particularly high.32 
Cigarette smoking by parents causes a significant increase 
in interleukin (IL)-13 secretion in the airway of children 
with allergic asthma.33 In a previous study, male children 
of smoking parents exhibited a significantly higher total 
eosinophil count and percentage and higher IgE levels 
compared with male children of non-smoking parents.34 
Fifth, we included patients aged<35 years to minimise 
the likelihood of COPD, however, it is possible, even 
likely, that some of our patients had mild COPD which 
could explain (in whole or in part) our results (FEV1 and 
HisPC20) independent of the asthma. Sixth, although we 
carefully determined the smoking history and history of 
childhood asthma, both were self-reported by the patients. 
Therefore, there is a possibility that patients with subclin-
ical childhood asthma were included in this study. Finally, 
the sample size was small. Therefore, our study may not 
have had enough power for the detection of some asso-
ciations between smoking parameters and lung function 
and between smoking parameters and marked AHR.

In conclusion, the findings of this study suggest that 
short-term active smoking in early adulthood is asso-
ciated with decreased lung function and AHR, even in 
patients with intermittent asthma. Thus, never smoking 

Table 3 Multivariate logistic regression analysis of factors associated with marked airway hyper-responsiveness 
(HisPC20<2 mg/mL) in young patients with untreated intermittent adult-onset asthma

(Reference)
Adjusted† OR
(95% CI) P value

Adjusted† OR
(95% CI) P value

Number of cigarettes per day (pseudo R2‡=0.064)

Never smoker 1–10§ ≥11

n=137 n=39 n=37

HisPC20<2 mg/mL 1 1.43 (0.68 to 3.00) 0.341 2.23 (1.03 to 4.80)* 0.041

Duration of smoking (years) (pseudo R2‡=0.058)

Never smoker 1–7 years§ ≥8 years

n=137 n=36 n=40

HisPC20<2 mg/mL 1 1.72 (0.80 to 3.67) 0.164 1.83 (0.85 to 3.94) 0.120

Cumulative consumption, pack-years (pseudo R2‡=0.059)

Never smoker 0<pack-years≤4§ >4 pack-years

n=137 n=38 n=38

HisPC20<2 mg/mL 1 1.62 (0.78 to 3.40) 0.199 1.96 (0.90 to 4.26) 0.090

Results highlighted in bold indicate statistically significant findings. 
*P<0.05.
† Adjusted for sex, age, disease duration (log transformed) and BMI.
‡ McFadden. 
§Current smokers were stratified on the basis of the median value for each smoking parameter.
BMI, body mass index; HisPC20, provocative concentration of histamine leading to a decrease in the forced expiratory volume in 1 s by>20%.
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would benefit even young patients with intermittent 
adult-onset asthma. Data regarding these benefits will 
provide important basic information for the construction 
of asthma education programmes.
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