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INTRODUCTION

Allergic diseases continue to increase in prevalence worldwide 
and many environmental factors contribute to their develop-
ment such as allergens and exposure to air pollution.1 Sensiti-
zation to an allergen is a critical step in the induction of aller-
gy.2,3 Allergic diseases induced by aeroallergens can show vari-
ous clinical manifestations such as rhinoconjuctivitis, eosino-
philic bronchitis, and asthma. Airway inflammation and airway 
hyperresponsiveness (AHR) are major components of asthma. 
Eosinophilic airway inflammation is a typical feature of asthma, 
although inflammation in asthma is known to be more hetero-
geneous.4 Eosinophilic airway inflammation can lead to the de-
velopment of bronchial hyperreactivity;5 however, unlike non-
asthmatic eosinophilic bronchitis, it is not always accompanied 
with AHR. Occasionally, some patients with allergic rhinitis 
may also exhibit AHR or sputum eosinophilia, even though 
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they have no asthmatic symptoms.6,7

Prior studies have reported an association between the spe-
cific aeroallergen sensitization and the development of asthma 
or AHR. Sensitization to house dust mite or mold was associat-
ed with increasing asthma.8 Cockroach allergy also has been re-
ported as an important cause of asthma.9 There was also a trend 
in increasing AHR with increased cat allergen exposure.10 How-
ever, sensitization to pollen was not significantly associated with 
the presence of asthma symptoms or AHR.11

Previous studies have generally focused on the prevalence of 
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Purpose: Sensitization to specific allergens may be important in the development of allergic airway inflammation and airway hyperresponsiveness 
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lergens (OR, 1.9; 95% CI, 1.4-2.5), house dust mite (OR, 1.7; 95% CI, 1.3-2.3), dog (OR, 1.9; 95% CI, 1.1-3.3), and cat (OR, 2.1; 95% CI, 1.4-3.4). AHR 
was associated with sensitization to perennial allergens (OR, 2.7; 95% CI, 2.0-3.7), house dust mite (OR, 2.2; 95% CI, 1.6 3.2), Alternaria (OR, 2.3; 
95% CI, 1.2-4.7), and cat (OR, 2.7; 95% CI, 1.7-4.3). Sensitization to more perennial allergens increased the risk for sputum eosinophilia and AHR. 
There was no relationship with individual seasonal allergens. Conclusion: The development of airway eosinophilic inflammation and AHR in an 
adult Korean population was associated with sensitization to perennial allergens rather than seasonal allergens.
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allergen sensitization among the general population, among 
patients with allergic diseases, or on the development of asth-
ma according to sensitization to some allergens.8,12-14 Limited 
studies have been conducted in regards to the risk of airway in-
flammation and AHR according to the patterns of aeroallergen 
sensitization. Furthermore, allergen sensitization pattern and 
its influence on allergic disease may vary dependent on ethnic-
ity and geography; however, this issue has rarely been explored 
in adult populations in Asia. Here, we investigated the relation-
ship between patterns of aeroallergen sensitization and the de-
velopment of eosinophilic airway inflammation and AHR in 
Korean adults who had allergic and lower airway symptoms.

 

MATERIALS AND METHODS

Study subjects
We retrospectively reviewed the data of adult patients (age ≥

15 years) who visited the asthma and allergy clinic at Seoul Na-
tional University Bundang Hospital between January 2005 and 
June 2011. To investigate allergen sensitization patterns that af-
fect airway hyperresponsiveness and airway inflammation, the 
clinical data were collected from patients who underwent skin 
prick tests to aeroallergens, a methacholine bronchial provoca-
tion test, and induced sputum analysis in the evaluation of al-
lergic and lower airway symptoms (such as dyspnea, chronic 
cough, wheezing, and chest discomfort). 

Exposure of the subjects to relevant allergens was assessed at 
the time the tests were performed. Our clinic routinely asked 
patients about environmental conditions and allergen expo-
sure before tests. The presence of fabrics or carpets at home 
was assumed to mean that the subjects had been exposed to 
house dust mites and exposure to cats or dogs was considered 
for subjects with pets at home. Exposure to sensitized pollen 
was assessed when the tests were performed during the pollen 
season and based on the Korean calendar for allergenic pollen.15 
This study was approved by the hospital institutional review 
board.

Skin prick test
We analyzed the results of skin prick tests for 12 non-cross act-

ing common inhalant aeroallergens in Korea: 6 perennial aller-
gens that included house dust mite (D. pteronyssinus and D. fa-
rinae), Alternaria, Aspergillus, cockroach, dog, and cat, 6 sea-
sonal allergens that included birch, elm, poplar, grass pollen 
mix (grasses, barley, oat, rye, and wheat), ragweed, and mug-
wort. Normal saline (0.9%) and histamine (1 mg/mL) were 
used as negative and positive controls. The skin prick test was 
performed after the withdrawal of antihistamines or antide-
pressants for at least 72 hours prior to the test. The wheal diam-
eter was measured 15 minutes after application. Skin prick test 
reactions were graded by the ratio of the allergen wheal diame-
ter to the histamine wheal diameter (A/H ratio), as grade 1+ to 

4+. Grade 2+ meant an A/H ratio of ≥0.5, and each additional 
plus indicated a doubling of the ratio. The test was considered 
positive when the A/H ratio was 1 or greater. Atopy was defined 
as a positive skin test response to at least 1 allergen. 

Methacholine bronchial provocation test 
The patients were instructed to withhold medications (such 

as beta-agonists, inhaled corticosteroids, leukotriene antago-
nists, and antihistamines) that might interfere with the metha-
choline bronchial provocation test 72 hours prior to testing and 
to avoid caffeine on the day of testing.

A baseline spirometry was performed using a Vmax 2130 spi-
rometer (VIASYS Respiratory Care, Inc., Yorba Linda, CA, USA). 
Forced expiratory volume in 1 second (FEV1) and forced vital 
capacity index were recorded. A bronchial provocation test was 
not administered for patients with FEV1 less than 70% of pre-
dicted. Methacholine dilutions of 1, 4, 16, and 25 mg/mL were 
used. The methacholine challenge was performed using a five-
breath protocol with a dosimeter (KoKo Dosimeter; nSpire 
Health, Inc., Louisville, CO, USA). After 90 seconds, spirometry 
was performed. The test was ended when a decrease of 20% or 
greater compared with baseline FEV1 was achieved or when 
the highest concentration of methacholine was inhaled. The 
provocation concentration that caused a decrease of 20% in 
FEV1 was expressed as the PC20 (provocation concentration 
dose of methacholine). AHR was defined as a PC20 of less than 
16 mg/mL.

Induced sputum processing and analysis
Sputum induction and processing were conducted according 

to the previously described standardized protocol.16 Briefly, 
subjects inhaled nebulized 4.5% saline via an ultrasonic nebu-
lizer (Omron NE-U17 Ultrasonic Nebulizer; Morton Medical, 
UK) for 5 minutes periods up to 20 minutes. Every 5 minutes af-
ter the start of nebulization, subjects spat the sputum into a Pe-
tri dish. After the addition of 0.01 M dithiothreitol, the samples 
were vortex-mixed, shaken for 30 minutes at room tempera-
ture, and filtered through a 100-μm mesh. The cells were col-
lected by centrifugation (2,000 rpm, 4°C, 10 minutes) and sus-
pended in phosphate-buffered saline to a volume equal to the 
original sputum plus dithiothreitol. The cells were counted us-
ing a hemocytometer, and cell concentrations were adjusted to 
1.0×106 cells/mL. Cytospins were prepared by adding 60 μL of 
cell suspension to Shandon II cytocentrifuge cups (Shandon 
Southern Instruments, Sewickley, PA, USA) and were spun for 
5 minutes at 42×g. The cells were stained with Diff-Quik solu-
tion (Sysmex Co., Kobe, Japan). Leukocytes, bronchial epitheli-
al cells, and squamous cells were counted respectively. These 
counts were expressed as percentages of a total of 400 nucleat-
ed cells counted per slide (excluding squamous epithelial cells) 
to determine cell differentiation. Sputum eosinophilia was re-
garded as positive when the sputum eosinophil count was ≥3%.
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Statistical analysis
All statistical analyses were performed using SPSS software 

(ver. 18.0 for Windows; SPSS, Inc, Chicago, IL., USA). Pearson’s 
chi-squared test was used to assess the univariate association 
between clinical characteristics of the study population and 
sputum eosinophilia or AHR. Multiple logistic regression anal-
ysis was performed to obtain the adjusted odds ratios (OR) and 

95% confidence intervals (CI) for the independent effect that 
sensitization to each allergen had on airway eosinophilic in-
flammation or AHR, adjusting for age, gender, current smoker, 
and the effect of relevant allergen exposure. Values of P<0.05 
were considered to indicate statistical significance.

RESULTS

Characteristics of study population
In total, 1,202 subjects with a mean age of 50.0±16.4 were in-

cluded and Table 1 summarizes their baseline characteristics. 
Of the subjects, 520 (43.3%) were males and 534 (44.4%) had at 
least 1 positive skin test response to aeroallergens, considered 
as atopy. Sensitization to a perennial allergen was more frequent 
than sensitization to a seasonal allergen (40.1% vs 13.3%). The 
most commonly sensitized allergen was house dust mite, fol-
lowed by cat and dog. AHR was demonstrated in 23.5% of the 
subjects and sputum eosinophilia in 38.8% (Table 1).

Sputum eosinophilia and airway hyperresponsiveness according 
to patterns of aeroallergen sensitization

Table 2 shows the univariate analyses that explores the rela-
tionship between the clinical characteristics of the study popu-
lation and sputum eosinophilia or AHR. Patients with AHR were 
younger, and current smokers were significantly more common. 
There was also a significant association between exposure to 
pets and sputum eosinophilia or AHR.

Multivariate analyses showed significant relationships between 
sputum eosinophilia and sensitization to at least 1 perennial al-
lergen (OR, 1.9; 95% CI, 1.4-2.5), house dust mite (OR, 1.7; 95% 
CI, 1.3-2.3), dog (OR, 1.9; 95% CI, 1.1-3.3), and cat (OR, 2.1; 95% 
CI, 1.4 3.4; Table 3). Sputum eosinophilia showed increasing 
trends with higher grade responses in the skin prick test for D. 
farinae and cat (Fig. 1). Airway hyperresponsiveness was asso-
ciated with sensitization to at least one perennial allergen (OR, 
2.7; 95% CI, 2.0-3.7), house dust mite (OR, 2.2; 95% CI, 1.6 3.2), 

Table 1. Clinical characteristics of the study population (N=1,202)

Characteristics Number (%)

Age (years) 50.0±16.4*
Male/Female 520 (43.3)/682 (56.7)
Smoking (1,157)

Never/Ex-smoker/Current smoker 803 (69.4)/177 (15.3)/177 (15.3)
Pets at home (919) 208 (22.6)
Fabrics or carpets at home (919) 148 (16.1)
Atopy 534 (44.4)

Positive to perennial allergen 482 (40.1)
House dust mite 429 (35.7)
Alternaria 42 (3.5)
Aspergillus 6 (0.5)
Cockroach 35 (2.9)
Dog epithelia 88 (7.3)
Cat epithelia 117 (9.7)

Positive to seasonal allergen 160 (13.3)
Birch 77 (6.4)
Elm 15 (1.2)
Poplar 16 (1.3)
Grass pollen mix 33 (2.7)
Ragweed 45 (3.7)
Mugwort 74 (6.2)

Positive to both perennial and seasonal 108 (9.0)
Airway hyperresponsiveness 282 (23.5)
Sputum eosinophilia 466 (38.8)

*mean±standard deviation.

Table 2. Relationship between baseline characteristics and sputum eosinophilia or airway hyperresponsiveness 

Characteristics 
Sputum eosinophilia, N (%)* AHR, methacholine-PC20, N (%)*

≥3% <3% P value† ≤16 mg/mL >16 mg/mL P value†

Age (mean±SD) 49.2±16.6 50.4±16.2 0.188 46.5±17.6 51.0±15.8 <0.001
Male 201 (43.1) 319 (43.3) 0.943 135 (47.9) 385 (41.8) 0.074
Smoking 

Ex-smoker 60 (13.3) 117 (16.5) 0.139 34 (12.5) 143 (16.2) 0.143
Current smoker 80 (17.8) 97 (13.7) 0.062 62 (22.8) 115 (13.0) <0.001
Smoking, PY (mean±SD) 5.4±12.4 5.3±12.6 0.836 5.4±13.1 5.3±12.3 0.906

Pets at home 95 (27.1) 113 (19.9) 0.015 64 (28.8) 144 (20.7) 0.013
Fabrics or carpets at home 61 (17.4) 87 (15.3) 0.409 32 (14.4) 116 (16.6) 0.431

*Percentage of subjects belonging to each group of sputum eosinophilia or AHR. †Pearson’s chi-squared test or Student’s t-test.
AHR, airway hyperresponsiveness; methacholine-PC20, provocation concentration dose of methacholine; SD, standard deviation; PY, pack-years.
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Alternaria (OR, 2.3; 95% CI, 1.2-4.7), and cat (OR, 2.7; 95% CI, 
1.7-4.3; Table 4). The risk for AHR was greater in subjects with 
higher grade responses in the skin prick test for D. farinae and 
Alternaria (Fig. 2).

The relationship between sensitization to a seasonal allergen 
and sputum eosinophilia or AHR was not significant, even after 
adjusting for specific allergen exposure in the pollen season 
(Tables 3 and 4). The development of sputum eosinophilia and 
AHR examined in the relevant pollen season did not increase 
significantly compared with testing outside the pollen season 
(data not shown).

Sputum eosinophilia and airway hyperresponsiveness according 
to multisensitization 

Sensitization to three or more allergens was related to in-
creased sputum eosinophilia (OR, 2.0; 95% CI, 1.3-3.2) and 
AHR (OR, 3.6; 95% CI, 2.1-5.8; Table 5), although sensitization 
to 2 allergens showed a lower risk compared with sensitization 
to 1 allergen. Sputum eosinophilia and AHR showed an increas-
ing trend with an increased number of positive test responses 
to perennial allergens (Table 5); however, there was no relation-
ship with an increased number of sensitized seasonal allergens.

Fig. 1.

Fig. 1. Adjusted odds ratios (95% CI) of airway eosinophilic inflammation in relation to grades of skin prick test. *Statistical comparison was performed with group 
with negative skin test response to each grade of allergen; the odds ratio and P value were adjusted according to age, gender, and smoking status.

Fig. 2.

Fig. 2. Adjusted odds ratios (95% CI) of airway hyperresponsiveness in relation to grades of skin prick test. *Statistical comparison was performed with group with 
negative skin test response to each grade of allergen; the odds ratio and P value were adjusted according to age, gender, and smoking status.
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DISCUSSION

In the present study, the development of sputum eosinophilia 
or AHR was significantly associated with sensitization to peren-
nial allergens such as house dust mite, Alternaria, dog, or cat. 
In addition, sputum eosinophilia and AHR showed increasing 
trends with sensitization to an increased number of perennial 
allergens.

Similar to the present study, many previous studies have shown 
relationships between specific allergen sensitization and bron-
chial hyperresponsiveness, with perennial indoor allergens 
such as house dust mite and pets being the most influential al-
lergens.10,12,17-21 The present analysis showed an association be-
tween the sensitization to Alternaria and the development of 
AHR, as mentioned in some previous reports.22,23 The risk for 
AHR was greater in subjects with positive responses to perenni-
al allergens compared to those who responded only to seasonal 
allergens;14 in addition, an increased wheal size in the skin test 
was significantly associated with asthma.24 The present results 
are consistent with previous results that showed that AHR in-
creased as the number of sensitized allergens increased and 
the risk of eosinophilic airway inflammation and AHR increased 
with the increasing grades in skin prick test.14,24,25

In the present analysis, sensitization to seasonal allergens was 
not associated with airway eosinophilic inflammation or AHR. 

Previous studies have revealed that pollen allergy does not in-
crease AHR.12,21,26 Some studies have a limitation that the sub-
jects were tested outside of the pollen season where only the 
sensitization to perennial allergen was the risk factor for AHR 
and pollen sensitization did not contribute to the development 
of AHR or asthma.26 However, some studies have reported an 
association between sensitization to some seasonal allergens 
and AHR.11,18,27 Exposure to seasonal allergen during the pollen 
season was demonstrated to induce an inflammatory response 
in the airway and aggravate symptoms in pollen-sensitive asth-
matics.28 Inconsistent results may be attributed to various factors 
such as differences in study population (age, presence of aller-
gic rhinitis, or asthma), season of testing, and the multiple sen-
sitization status of subjects. Studies conducted on children or 
younger adults often show an association between seasonal al-
lergen sensitization and AHR; however, studies of older adults 
fail to reveal an association. Most studies have consistently 
demonstrated the relationship of perennial indoor allergen and 
asthma. Old adults with a mean age of 50 years were enrolled in 
our study. There was no increase in sputum eosinophils and no 
decrease in PC20 even in the subgroup analysis of the subjects 
tested during the relevant pollen season. The data suggest that 
seasonal pollen did not play a role in the development of AHR 

Table 3. Relationship between aeroallergen sensitization and sputum eosino-
philia 

Sensitized allergen

Sputum eosinophilia,  
N (%)

OR (95%CI)* P value*
≥3% 

(N=466)
<3% 

(N=736)

Perennial allergen 226 (48.5) 256 (34.8) 1.9 (1.4-2.5) <0.001
House dust mite 200 (42.9) 229 (31.1) 1.7 (1.3-2.3) 0.001
Alternaria 16 (3.4) 26 (3.5) 0.8 (0.4-1.6) 0.502
Aspergillus 2 (0.4) 4 (0.5) 0.7 (0.1-3.7) 0.629
Cockroach 14 (3.0) 21 (2.9) 0.9 (0.4-1.8) 0.739
Dog epithelia 48 (10.3) 40 (5.4) 1.9 (1.1-3.3) 0.014
Cat epithelia 63 (13.5) 54 (7.3) 2.1 (1.4-3.4) 0.001

Seasonal allergen 68 (14.6) 92 (12.5) 1.1 (0.8-1.6) 0.617
Birch 33 (7.1) 44 (6.0) 1.0 (0.6-2.0) 0.807
Elm 7 (1.5) 8 (1.1) 1.1 (0.4-3.5) 0.818
Poplar 6 (1.3) 10 (1.4) 0.6 (0.2-1.8) 0.331
Grass pollen mix 13 (2.8) 20 (2.7) 0.9 (0.4-2.0) 0.788
Ragweed 21 (4.5) 24 (3.2) 1.4 (0.7-2.9) 0.395
Mugwort 32 (6.9) 42 (5.7) 1.3 (0.8-2.3) 0.323

Both perennial and 
seasonal allergens 
respectively 

48 (10.3) 60 (8.2) 1.1 (0.7-1.8) 0.528

*Adjusted odds ratio and P value according to age, gender, smoking status, and 
relevant allergen exposure.

Table 4. Relationship between aeroallergen sensitization and airway hyper-
sensitivity 

Sensitized allergen 

AHR, methacholine-
PC20, N (%)

OR (95%CI)* P value*
≤16 mg/mL

(N=282)
>16 mg/mL

(N=920)

Perennial allergen 169 (59.9) 313 (34.0) 2.7 (2.0-3.7) <0.001
House dust mite 147 (52.1) 282 (30.7) 2.2 (1.6-3.2) <0.001
Alternaria 21 (7.4) 21 (2.3) 2.3 (1.2-4.7) 0.001
Aspergillus 2 (0.7) 4 (0.4) 1.0 (0.2-5.6) 0.994
Cockroach 8 (2.8) 27 (2.9) 0.7 (0.3-1.6) 0.364
Dog epithelia 35 (12.4) 53 (5.8) 1.4 (0.8-2.5) 0.201
Cat epithelia 53 (18.8) 64 (7.0) 2.7 (1.7-4.3) <0.001

Seasonal allergen 45 (16.0) 115 (12.5) 1.1 (0.7-1.6) 0.800
Birch 19 (6.7) 58 (6.3) 0.9 (0.5-1.9) 0.928
Elm 4 (1.4) 11 (1.2) 1.0 (0.3-3.5) 0.988
Poplar 5 (1.8) 11 (1.2) 1.4 (0.4-4.3) 0.574
Grass pollen mix 9 (3.2) 24 (2.6) 0.9 (0.3-2.2) 0.782
Ragweed 11 (3.9) 34 (3.7) 0.9 (0.4-2.2) 0.871
Mugwort 25 (8.9) 49 (5.3) 1.4 (0.7-2.5) 0.324

Both perennial and 
seasonal allergens 
respectively 

37 (13.1) 71 (7.7) 1.3 (0.8-2.1) 0.263

AHR, airway hyperresponsiveness; methacholine-PC20, provocation concentra-
tion dose of methacholine.
*Adjusted odds ratio and P value according to age, gender, smoking status, and 
relevant allergen exposure.
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and eosinophilic airway inflammation unlike perennial aller-
gens in the old adult population.

Another possible reason for the seemingly conflicting results 
related to seasonal allergens may be regional variations in aller-
gens. Some evidence supports the effect of geographical cli-
mate variation on the prevalence and symptoms associated 
with respiratory allergic disease.29,30 Climate change can have 
an impact on the type, concentration, and allergenicity of aero-
allergens as well as on the prevalence of allergic diseases.31 
Geographic variation and regional types of allergens should be 
considered in the effect of allergic sensitization and the devel-
opment of allergic disease.29

In respect to cockroach allergen, sensitization to cockroach 
was associated with the occurrence of asthma in other stud-
ies.9,32 However, the association was not found in the present 
study. Recently, cockroach infestation rates and sensitization 
rates are decreasing as the garbage disposal system has im-
proved and insecticides are more commonly used in Korea.33 
Reduced cockroach exposure (due to the improvement of hy-
gienic conditions) might influence the lack of association be-
tween cockroach sensitization and AHR. 

Different features of allergic diseases may be induced by the 
pattern of allergen sensitization. Compared to asthma patients, 
subjects with allergic rhinitis were more sensitized to allergens.13,25 
Moreover, sensitization to outdoor allergens is associated with 
allergic rhinitis, rather than asthma;13,18 in particular, pollens 

were major sensitizing allergens in patients with allergic rhini-
tis.13,34 Factors that influenced the clinical significance of aeroal-
lergens include concentration, particle size, and exposure du-
ration of the aeroallergens.35,36 Airborne pollens with diameters 
larger than those of house dust mite particles may not reach the 
lower respiratory tract; however, conjunctival and upper respi-
ratory tract mucosa can be exposed to large amounts of aeroal-
lergens, even large allergens such as pollens. Additionally, in-
door perennial allergens present in the environment year-round 
can induce chronic airway inflammation due to persistent chal-
lenges to the airway; subsequently, (compared to outdoor sea-
sonal allergens) they can be the dominant allergens associated 
with asthma.2 Despite particle size, limited exposure period, and 
other special properties, pollens are still likely to trigger airway 
inflammation and AHR in special circumstances. Exposure to 
highly allergenic, submicron pollen particles or exposure to high 
amounts of pollen over an extended period can provoke allergic 
responses, even in the lower respiratory tract mucosa.37,38

The differences among the above studies may also be ex-
plained by an effect of protease activity from allergen sources 
on allergenicity.39-41 Proteases facilitate allergic sensitization by 
disrupting epithelial tight junctions and promoting the produc-
tion of cytokines, chemokines, and adhesion molecules.37,42 
Furthermore, proteases from mites and molds amplify IgE pro-
duction, degranulate activated eosinophils, and can cause al-
lergic inflammation in the respiratory system.39 Pollens also 
contain proteases and are thought to induce airway inflamma-
tion through protease-dependent and protease-independent 
mechanisms.43,44 However, the production of cytokines induced 
by pollens was lower than that induced by mite dust and a 
higher concentration of pollen was needed to produce a maxi-
mum concentration of cytokines.43 Thus, the protease activity of 
pollens in airway inflammation and AHR may be less potent 
than that of mite or mold allergens. A better understanding of 
the molecular characteristics of the allergenic properties of pol-
len would be helpful to elucidate the pathogenesis of allergic 
diseases.

There are several limitations to our study. First, the present 
study assessed only whether the subjects had been exposed to 
different allergens. Environmental exposure doses of each al-
lergen and the exposure duration could not be investigated due 
to the retrospective nature of the study.45 Second, we included 
only patients who underwent all of the skin prick tests, a metha-
choline bronchial provocation test, and an induced sputum 
analysis. Patients who had no lower airway symptoms and had 
not undergone all of these tests were not included in the study. 
Thus, sputum eosinophilia and AHR were not evaluated in pa-
tients who had only rhinoconjuctivitis or asymptomatic aller-
gen sensitization. Third, the risk of sputum eosinophilia and 
AHR was lower than sensitization to one allergen in subjects 
with sensitization to 2 allergens. This is thought to be because 
the subjects who were sensitized to 2 allergens had positive 

Table 5. Sputum eosinophilia and airway hyperresponsiveness according to at-
opy status 

Atopy status Total
N (%)

Sputum eosinophilia Airway 
hypersensitivity

OR  
(95% CI)* P value* OR 

(95%CI)* P value*

Atopy 534 (44.4) 1.8 (1.4-2.4) <0.001 1.8 (1.8-3.3) <0.001
Number of sensitized allergens

1 299 (24.9) 1.8 (1.3-2.4) <0.001 2.6 (1.8-3.6) <0.001
2 120 (10.0) 1.6 (1.0-2.6) 0.042 2.1 (1.2-3.5) 0.008
more than 3 115 (9.6) 2.0 (1.3-3.2) 0.004 3.6 (2.1-5.8) <0.001

Number of perennial allergens
1 315 (26.2) 1.7 (1.3-2.3) <0.001 2.7 (1.9-3.8) <0.001
2 112 (9.3) 1.7 (1.1-2.8) 0.022 3.0 (1.7-5.1) <0.001
more than 3 55 (4.6) 2.7 (1.4-5.1) 0.002 5.5 (2.7-

10.9)
<0.001

Number of seasonal allergens
1 101 (8.4) 1.1 (0.7-1.7) 0.568 1.2 (0.8-1.9) 0.544
2 33 (2.7) 1.2 (.6-2.6) 0.558 0.6 (0.3-1.6) 0.326
more than 3 26 (2.2) 0.8 (0.3-1.9) 0.579 1.2 (0.5-3.0) 0.663

*Statistical comparison was performed with non-atopy group or group with 
negative skin test response to each type of allergen as reference group, and 
the odds ratio and P value were adjusted according to age, gender, and smok-
ing status.
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skin test responses with a lower A/H ratio. However, similar to 
previous reports, sensitization to 3 or more allergens showed a 
significant correlation with the development of sputum eosino-
philia and AHR. Finally, the analysis of sputum eosinophilia 
was performed only once. A study by Simpson et al. indicated 
that a cut-off point of 3% eosinophils allows the presence of eo-
sinophilia to be reliably determined from a single sputum sam-
ple.46 However, a recent study suggested that sputum inflam-
matory types are not stable over time.47 Single induced sputum 
analysis may have a limitation to determine the presence of 
sputum eosinophilia.

In conclusion, the development of airway eosinophilic in-
flammation and AHR in a Korean adult population was associ-
ated with sensitization to perennial allergens, as opposed to 
outdoor seasonal allergens. Understanding the pattern of aller-
gen sensitization would be helpful to determine which clinical 
features of allergic disease would be expected to develop.
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