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ABSTRACT

Purpose: Data are lacking on the association between the allergic rhinitis (AR) phenotype 
and sensitization to specific allergens or bronchial hyperresponsiveness (BHR) in children. 
We here investigated risk factors and comorbidities, including sensitization to specific 
allergens and BHR, for the AR phenotype by AR and its Impact on Asthma (ARIA) 
classification in a general population-based birth cohort study.
Methods: We enrolled 606 children aged 7 years from the Panel Study of Korean Children. 
The AR phenotype was assigned in accordance with the ARIA classification in children. Skin 
prick tests and Provocholine provocation test were performed. Risk factors and comorbidities 
for AR phenotypes were then analyzed.
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Results: The prevalence of mild and moderate to severe AR in our study cohort was 37.2% 
and 8.8%, respectively. Recent use of analgesics or antipyretics and current cat ownership 
were associated with the risk of mild persistent AR. Sensitizations to Dermatophagoides 
Pteronyssinus (Der p), Japanese hop and cat were associated with moderate to severe persistent 
AR. Children with moderate to severe AR had a higher risk of current asthma and BHR 
compared to mild AR cases (adjusted odds ratio [aOR], 5.26; 95% confidence interval [CI], 
1.77–15.62). Moderate to severe AR with allergic sensitization was associated with the highest 
risk of BHR (aOR, 11.77; 95% CI, 3.40–40.74).
Conclusions: Moderate to severe-persistent AR is more closely related to respiratory 
comorbidities and sensitizations than mild AR. Stratifying the AR phenotype by ARIA 
classification may assist in disease management.

Keywords: Allergic rhinitis; classification; risk factor; child; phenotype;  
bronchial hyperreactivity; cohort study; prevalence

INTRODUCTION

Allergic rhinitis (AR) is not only a common chronic disease in children but is also a major 
global health problem that impacts on the quality of life of both the affected children and 
their caregivers.1 The AR and its Impact on Asthma (ARIA) classification was introduced 
about 10 years ago and is continuously updated in different areas such as clinical symptoms, 
diagnostic procedures and treatment.2-4 It has been used to optimize care and increase 
the ability of clinicians to control AR in pediatric patients. The prevalence of self-reported 
AR in children worldwide has been estimated at approximately 2% to 25%.5 In Korea, the 
prevalence of AR in children had increased rapidly in a prior International Study of Asthma 
and Allergies in Children (ISAAC), and also in several general population studies.6-8 In these 
previous studies, the prevalence of rhinitis symptoms in the prior 12 months in children aged 
6–7 years was reported to be 31.0% in 1995,6 29.7% in 20006 and 43.6% in 2010.8 However, 
few studies to date have investigated the prevalence of AR in children from a population-
based birth cohort in accordance with the ARIA classifications.

Although AR is known to be linked with other allergic disorders, such as asthma and atopic 
dermatitis, there has been little investigation of the risk factors or comorbidities associated 
with AR according to the ARIA classification. Moreover, the studies that have been conducted 
lack data on the association between AR phenotype and either the sensitization to specific 
allergens or bronchial hyperresponsiveness (BHR).

We aimed in our current study to investigate the prevalence, risk factors and comorbidities, 
including allergen sensitization and BHR, related to AR in accordance with the ARIA 
classification in 7-year-old children from a general population-based birth cohort in Korea.

MATERIALS AND METHODS

Study participants
Study participants were enrolled from the Panel Study of Korean Children (PSKC) birth 
cohort that we previously established to provide nationwide longitudinal data on childhood 
development.9,10 This cohort recruited 2,078 mother-baby dyads using 2-step stratified 
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random sampling across Korea in 2008 and has since followed these subjects annually. A total 
of 1,577 children were followed up in 2015. Of these subjects, 633 underwent laboratory tests 
for allergic diseases at the 16 participating regional hospitals in the cohort study (Fig. 1). These 
tests included skin prick tests, blood tests, standard spirometry and a bronchial provocation 
test with Provocholine (Provocholine®, Methapharm Inc., Ontario, Canada).

Doctors at each regional study hospital, mainly comprised of board-certified pediatric 
allergists, conducted laboratory screening of the PSKC cohort. Detailed histories and 
physical examinations of the cohort subjects were taken to verify the histories of asthma, 
AR, atopic dermatitis or other allergies and to record the differential diagnosis in each case. 
Physical examinations were conducted to evaluate past and present allergic diseases and AR 
was categorized according to the ARIA classification.

A flowchart for the subjects analyzed in our current study is shown in Fig. 1. Six hundred and 
thirty-three of these children visited a regional hospital, and complete information regarding 
AR history and ARIA classification was obtained in 606 of these cases. Table 1 presents the 
characteristics of subjects who visited the regional study hospitals compared to the PSKC 
subjects who declined these visits. A past history of bronchiolitis was higher in the hospital-
visiting subjects, but no other baseline characteristics were significantly different between 
the 2 groups.

The Institutional Review Board of Asan Medical Center reviewed and approved the current 
study protocol (IRB No. 2015-0907). Written consent was obtained from all parents and 
guardians following a detailed explanation of the study.

Skin prick test and bronchial provocation test
The skin prick test was conducted according to a standardized method.11 A total of 18 
allergens were tested in this way including histamine and saline as a positive and negative 
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Total subjects in the PSCK study
in 2008 (n = 2,078)

Subjects followed at 2015
in the PSKC study (n = 1,577)

Loss to follow-up
in the PSKC study (n = 501)

Subjects who visited regional hospitals
at 2015 (n = 633)

Declined to participate
in hospital tests (n = 944)

Subjects with complete data on
their AR phenotype (n = 606)

Missing information on AR history
or ARIA classification (n = 27)

Fig. 1. Flow chart of the study subjects. 
PSKC, Panel Study on Korean Children; AR, allergic rhinitis; ARIA, Allergic Rhinitis and its Impact on Asthma.



control, respectively. Inhalant and food allergens which are common in Korea were used as 
causative allergens (Allergopharma GmbH & Co. KG, Darmstadt, Germany), including 2 
kinds of house dust mites (Dermatophagoides pteronyssinus [Der p] and Dermatophagoides farinae 
[Der f ]), dog and cat epithelia, cockroaches, 2 fungal strains (Alternaria alternate, Aspergillus 
fumigatus), outdoor inhalation antigens such as pollen from grass, ragweed, mugwort, alder, 
oak, Japanese hop, birch and hazel and food allergens(egg whites, milk and peanut). When 
the positive control response exceeded 3 mm and the wheal size for the tested allergen was 
greater than the wheal size of the positive control, we defined the subject as being sensitized 
to this allergen. Drugs, such as antihistamines, which can affect skin prick tests were 
withdrawn completely for 2 weeks before the test.

The bronchial provocation test was conducted in accordance with the American Thoracic 
Society guidelines.12 Briefly, fresh solutions of Provocholine were prepared in buffered 
saline solution at concentrations of 0.0625, 0.25, 1, 4 and 16 mg/mL. Subjects inhaled 
normal saline until the lung reached its maximum volume capacity and held their breath for 
approximately 5 seconds, which was repeated 5 times. We then measured the baseline FEV1 
at 90 seconds from the fifth saline inhalation. Provocholine was then inhaled 5 times at each 
concentration and the FEV1 was measured again in the same manner which were repeated 
until either it showed a decrease of more than 20% compared to the baseline or the subjects 
reached the final Provocholine concentration of 16 mg/mL. The provocative concentration of 
Provocholine that caused a 20% decrease in the baseline FEV1 (PC20) was thereby calculated. 
We defined a BHR to Provocholine as a PC20 < 8 mg/mL.

Definition of AR in accordance with the ARIA classification, current asthma, 
current eczema and allergic sensitization
The AR phenotype was classified by the hospital physicians in accordance with the ARIA 
classification in children who had ever been diagnosed with AR and had nasal symptoms 
within the previous 12 months that was unrelated to respiratory tract infections. AR duration 
was thereby classified as persistent (symptoms appearing more than 4 days per week and 
for more than 4 weeks) or intermittent (symptoms appearing for less than 4 days a week or 
for less than 4 weeks). AR severity was classified as mild or moderate/severe in accordance 
with the presence (moderate/severe) or absence (mild) of any of the following items: 1) 
sleep disturbance, 2) impairment of daily activities, leisure and/or sports, 3) impairment of 
school performance or 4) bothersome symptoms.1 For statistical analysis, a control group 
was selected comprising the subjects in the cohort who visited a hospital but had never been 
diagnosed with AR.
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Table 1. Characteristics of the whole Panel Study of Korean Children
Characteristics Visiting subjects Non-visiting subjects P value

No./total No. (%)* (n = 633) No./total No. (%)* (n = 944)
Sex (male/female) 342/291 467/477 0.076
Parental history of allergic disease 196/607 (32.3) 309/881 (35.1) 0.265
Environmental tobacco smoking 234/633 (37.0) 380/944 (40.3) 0.189
Maternal education level 0.446

≤ High school 185 (29.3) 290 (30.8)
College 412 (65.2) 605 (64.1)
Graduate school 35 (5.5) 46 (4.9)

Past history of bronchiolitis 154/632 (24.4) 172/939 (18.3) 0.004
Use of antibiotics in infancy 349/633 (55.1) 500/943 (53.0) 0.410
Current pet ownership 48/627 (7.7) 83/931 (8.9) 0.403
*Data are presented as a number (percentage) of patients unless otherwise indicated.



Current asthma was defined as both physician-diagnosed asthma-ever and a wheezy episode 
during the prior 12 months recorded during a pediatric allergist interview. Current eczema 
was defined as an episode during the previous 12 months. Risk factors for AR were analyzed 
using the responses to the 2015 questionnaires for the PSKC cohort. Allergic sensitization 
was defined as a sensitization to 1 or more allergens on a skin prick test.

Statistical analysis
Statistical analyses were conducted using SPSS version 23 (SPSS, Chicago, IL, USA). The 
χ2 test was performed to compare subjects who visited a regional hospital or not. Logistic 
regression analyses were conducted to investigate risk factors affecting AR, and the odds 
ratio (OR) and 95% confidence interval (CI) values were calculated with adjustment for the 
following confounders: sex, maternal education levels, history of second-hand smoking, 
residential area and economic status. However, these factors did not include parental 
histories of allergic diseases which were ascertained by questionnaire.

RESULTS

Prevalence of the AR phenotype in 7-year-old Korean children according to 
the ARIA classification
The proportion of 7-year-old Korean children in our current study cohort who had ever 
been diagnosed with AR by a physician and developed nasal symptoms within the prior 12 
months was 46.0% (Fig. 2). Mild-intermittent AR showed the highest prevalence in the study 
population at 29.5% with mild-persistent AR at 7.8%, moderate to severe-intermittent AR at 
3.1%, and moderate to severe persistent AR at 5.6%.

Risk factors for AR according to the ARIA classification
The recent (prior 12 months) use of analgesics or antipyretics (adjusted OR [aOR], 2.32; 95% 
CI, 1.03–5.24) and current cat ownership (aOR, 10.18; 95% CI, 1.46–71.23) were found to be 
risk factors for mild persistent AR. Each one of the AR phenotypes was strongly associated 
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Mild-intermittent

29.5
(n = 179/606)

7.8
(n = 47/606)
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Fig. 2. Prevalence of AR in 7-year-old children according to their Allergic Rhinitis and its Impact on Asthma 
classification. 
AR, allergic rhinitis.



with a history of asthma diagnosis and a family history of allergic diseases, regardless of 
severity (Table 2).

Positive sensitizations on skin prick tests showing an association with the AR 
phenotype according to the ARIA classification
When AR was classified into 4 groups according to the ARIA classification, a moderate to 
severe persistent AR phenotype was found to be related to allergic sensitization (aOR, 2.40; 
95% CI, 1.01–5.72), whereas mild-persistent AR showed an association with a sensitization 
to Alternaria (aOR, 6.81; 95% CI, 1.03–45.03). A sensitization to Der p (aOR, 2.75; 95% CI, 
1.18–6.38), Japanese hop (which is a major cause of weed pollinosis in Korea) (aOR, 5.16; 
95% CI, 1.51–17.59) and cat (aOR, 5.28; 95% CI, 1.17–23.63) increased the risk of moderate to 
severe persistent AR (Table 3).

When AR was classified into 2 groups according to its severity (mild versus moderate to 
severe), the moderate to severe AR phenotype was found to be related to sensitization to 
Japanese hop (aOR, 3.18; 95% CI, 1.10–9.15) and to cat (aOR, 8.87; 95% CI, 1.72–45.73) 
compared to the mild AR phenotype (Supplementary Table S1). When AR was stratified into 
2 groups by persistence (intermittent versus persistent), persistent AR showed a relationship 
to sensitization to Der p (aOR, 3.18; 95% CI, 1.10–9.15) compared to intermittent AR 
(Supplementary Table S2).

Comorbidities according to the AR phenotype
Mild-intermittent AR increased the risk of current asthma (aOR, 18.48; 95% CI, 2.11–161.88), 
BHR (PC20 < 8 mg/mL) (aOR, 2.29; 95% CI, 1.27–4.14), and current eczema (aOR, 3.06; 95% 
CI, 1.45–6.45; Table 4). Mild-persistent AR increased the risk of current asthma (aOR, 16.63; 
95% CI, 1.34–207.13), but not of BHR or current eczema. Moderate to severe-intermittent AR 
increased the risk of current asthma (aOR, 331.66; 95% CI, 27.26–4,035.98) and BHR (aOR, 
4.45; 95% CI, 1.39–14.27), but did not correlate with current eczema. Moderate to severe-
persistent AR also increased the risk of current asthma (aOR, 41.01; 95% CI, 3.62–464.15) 
and BHR (aOR, 3.91; 95% CI, 1.50–10.23), but not current eczema. Mild-persistent AR (aOR, 
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Table 2. Risk factors for AR according to the ARIA classification in 7-year-old Korean children
Risk odds of AR aOR* (95% CI)
Factors Mild (n = 226) Moderate to severe (n = 53)

Intermittent (n = 179) Persistent (n = 47) Intermittent (n = 19) Persistent (n = 34)
Exposure variables

History of bronchiolitis before 3 years of age 1.48 (0.92–2.37) 1.17 (0.55–2.51) 1.70 (0.58–5.00) 1.88 (0.80–4.42)
Recent use of analgesics or anti-pyretics (within 12 mon) 1.02 (0.67–1.55) 2.32‡ (1.03–5.24) 1.85 (0.54–6.34) 1.19 (0.53–2.70)
Frequent use of antibiotics in infancy (≥ 3 days and ≥ 3 times) 1.14 (0.68–1.92) 1.10 (0.42–2.85) 1.38 (0.36–5.26) 1.89 (0.76–4.71)
Current dog ownership (within 12 mon) 1.23 (0.56–2.70) 1.20 (0.24–6.00) 2.76 (0.28–27.72) -
Current cat ownership (within 12 mon) 1.21 (0.25–5.82) 10.18‡ (1.46–71.23) - 2.48 (0.24–26.00)
History of recent remodeling (within 12 mon) 0.82 (0.47–1.43) 1.36 (0.59–3.17) 1.72 (0.47–6.33) 0.55 (0.16–1.96)
Current indoor mold exposure 1.16 (0.77–1.76) 1.37 (0.68–2.74) 0.98 (0.35–2.77) 1.42 (0.64–3.17)

Health outcomes
Past history of asthma diagnosis 3.41‡ (1.30–8.93) 2.13 (0.56–8.20) 9.75‡ (1.53–61.91) 9.06§ (2.64–31.08)
Past history of FA diagnosis 1.83 (0.83–4.04) 1.05 (0.26–4.16) - 1.92 (0.50–7.37)
Past history of AD diagnosis 1.67‡ (1.05–2.65) 0.97 (0.43–2.17) 0.19 (0.03–1.01) 2.20 (0.95–5.09)
Paternal allergic disease 1.91†,§ (1.25–2.90) 4.01†,§ (1.96–8.17) 5.98†,§ (1.79–20.00) 1.07† (0.45–2.55)
Maternal allergic disease 2.89†,§ (1.90–4.40) 3.58†,§ (1.80–7.15) 4.55†,‡ (1.40–14.81) 2.06† (0.91–4.66)

Control group for AR: All subjects who have never been diagnosed with AR by a physician.
AD, atopic dermatitis; AR, allergic rhinitis; ARIA, Allergic Rhinitis and its Impact on Asthma; FA, food allergy; CI, confidence intervals; aOR, adjusted odds ratio.
*Adjusted by sex, maternal education levels, parental history of allergic diseases, history of second-hand smoking, residential area, and economic status; 
†Adjusted by sex, maternal education levels, history of second-hand smoking, residential area, and economic status, but excluding parental history of allergic 
diseases; ‡P < 0.05; §P < 0.01.



2.08; 95% CI, 1.01–4.27) and moderate to severe-persistent AR (aOR, 2.58; 95% CI, 1.12–
5.94) increased the risk of allergic sensitization. Comparing the risk of BHR in accordance 
with the AR phenotype, we found that moderate to severe AR had a higher OR than mild-
intermittent AR (Table 4 and Fig. 3).

When AR was classified according to symptom severity, children with moderate to severe 
AR showed a higher risk of current asthma (aOR, 5.26; 95% CI, 1.77–15.62) and BHR (aOR, 
2.32; 95% CI, 1.01–5.32). Notably however, children with persistent AR did not have a higher 
risk of current asthma or BHR than those with intermittent AR. There was also no statistical 
difference found in the prevalence of current eczema according to the AR phenotype 
stratified using the ARIA classification (Table 5).
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Table 3. Association of positive sensitization on skin prick tests with AR according to the ARIA classification
Positive sensitization on skin  
prick test

aOR* (95% CI)
Mild (n = 226) Moderate to severe (n = 53)

Intermittent (n = 179) Persistent (n = 47) Intermittent (n = 19) Persistent (n = 34)
SPT any positive (n = 259) 1.38 (0.90–2.12) 1.44 (0.68–3.01) 1.18 (0.35–4.00) 2.40† (1.01–5.72)
Der f (n = 204) 1.15 (0.75–1.78) 1.40 (0.67–2.92) 1.04 (0.35–3.07) 1.43 (0.62–3.28)
Der p (n = 225) 1.32 (0.86–2.02) 1.54 (0.75–3.16) 1.44 (0.48–4.28) 2.75† (1.18–6.38)
Alternaria (n = 13) 1.13 (0.25–5.09) 6.81† (1.03–45.03) - 2.62 (0.23–29.94)
Aspergillus (n = 6) 0.64 (0.08–5.23) 5.98 (0.34–104.00) 12.75 (0.47–347.46) -
Grasses (n = 21) 1.71 (0.57–5.08) 1.80 (0.32–10.07) 1.50 (0.16–14.49) 2.57 (0.46–14.53)
Alder (n = 18) 2.28 (0.73–7.11) 0.58 (0.06–5.69) - 1.12 (0.12–10.79)
Birch (n = 26) 1.80 (0.69–4.73) 1.24 (0.23–6.79) 4.50 (0.75–26.90) 0.85 (0.09–7.75)
Oak (n = 18) 1.44 (0.43–4.79) 0.65 (0.07–6.03) 1.32 (0.12–14.44) 3.18 (0.55–18.18)
Japanese heopshop (n = 40) 1.64 (0.69–3.89) 1.25 (0.24–6.52) 10.20‡ (1.78–58.43) 5.16‡ (1.51–17.59)
Mugwort (n = 18) 1.71 (0.51–5.71) 2.11 (0.33–13.58) 1.92 (0.19–19.42) 4.08 (0.68–24.47)
Ragweed (n = 6) 1.12 (0.15–8.53) - 3.24 (0.24–44.06) -
Hazel (n = 23) 0.90 (0.31–2.62) 1.66 (0.39–7.04) 1.23 (0.14–11.19) 0.65 (0.08–5.62)
Peanut (n = 2) 1.70 (0.08–35.53) - - -
Egg white (n = 3) 6.65 (0.52–85.11) - - -
Dog (n = 24) 0.84 (0.30–2.32) 2.92 (0.75–11.42) 1.61 (0.11–24.75) 0.84 (0.09–7.59)
Cat (n = 18) 0.39 (0.09–1.58) 0.47 (0.05–4.36) 4.55 (0.38–55.12) 5.28† (1.17–23.63)
Cockroach (n = 2) 2.47 (0.13–47.32) - - -
Control group for AR: among subjects who visited hospital, the subjects who have never been diagnosed with AR by physician.
AR, allergic rhinitis; ARIA, Allergic Rhinitis and its Impact on Asthma; aOR, adjusted odds ratio; CI, confidence interval; SPT, skin prick test.
*Adjusted by sex, maternal education levels, parental history of allergic diseases, history of second-hand smoking, residential area, and economic status;  
†P < 0.05; ‡P < 0.01.

Table 4. Comorbidities according to AR classifications
Comorbidities of AR aOR* (95% CI)

Mild Moderate to severe
Intermittent Persistent Intermittent Persistent

No./total No. 
(%)

aOR*  
(95% CI)

No./total No. 
(%)

aOR*  
(95% CI)

No./total No. 
(%)

aOR* 

(95% CI)

No./total No. 
(%)

aOR*  
(95% CI)

Current asthma 7/177 (3.9) 18.48†  
(2.11–161.88)

2/46 (4.3) 16.63‡  
(1.34–207.13)

6/19 (31.6) 331.66†  
(27.26–4,035.98)

3/34 (8.8) 41.01†  
(3.62–464.15)

PC20 < 8 mg/mL 31/152 (20.4) 2.29† (1.27–4.14) 6/46 (13.0) 0.92 (0.32–2.65) 6/17 (35.3) 4.45‡ (1.39–14.27) 9/31 (29.0) 3.91† (1.50–10.23)
BHR without current 
asthma

28/149 (18.8) 2.18‡ (1.18–4.02) 5/45 (11.1) 0.99 (0.34–2.84) 2/13 (15.4) 1.48 (0.29–7.53) 8/30 (26.7) 3.54‡ (1.30–9.67)

Current eczema 42/92 (45.7) 3.06‡ (1.45–6.45) 6/15 (40.0) 1.00 (0.25–3.92) 4/10 (40.0) 2.14 (0.49–9.45) 7/16 (43.8) 2.54 (0.69–9.33)
Allergic sensitization 76/168 (45.2) 1.46 (0.94–2.25) 25/45 (55.6) 2.08† (1.01–4.27) 8/15 (53.3) 1.65 (0.55–4.99) 21/32 (65.6) 2.58† (1.12–5.94)
Control group for AR: all subjects who have never been diagnosed with AR by a physician.
AR, allergic rhinitis; aOR, adjusted odds ratio; CI, confidence interval; BHR, bronchial hyperresponsiveness.
*Adjusted by sex, maternal education levels, parental history of allergic diseases, history of second-hand smoking, residential area, and economic status;  
†P < 0.05; ‡P < 0.01.



The results presented in Table 6 indicate that BHR is more related to AR with allergic 
sensitization than to mild AR without allergic sensitization, and that among each phenotype, 
a moderate to severe AR phenotype with allergic sensitization assessed by skin prick tests is 
associated with the highest risk of BHR (aOR, 11.77; 95% CI, 3.40–40.74) compared to a mild 
AR phenotype without allergic sensitization.

DISCUSSION

We calculated the prevalence of AR phenotypes according to the ARIA classification in 
7-year-old Korean children enrolled from a nationwide population-based birth cohort study. 
In addition, we identified that the associated factors and allergen sensitization profiles for 
current AR in children at age 7 years differ in the AR phenotype determined using the ARIA 
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Fig. 3. Adjusted odds ratio and 95% confidence intervals for the risk of bronchial hyperresponsiveness according 
to the AR phenotype by Allergic Rhinitis and its Impact on Asthma classification. 
AR, allergic rhinitis.

Table 5. Comorbidities according to AR classifications: comparison between mild, moderate to severe, intermittent and persistent AR
Comorbidities of AR Mild vs. moderate to severe Intermittent vs. persistent

Mild Moderate to severe Intermittent Persistent
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
Current asthma 9/223 (4.0) 1 (reference) 9/53 (17.0) 5.26‡ (1.77–15.62) 13/196 (6.6) 1 (reference) 5/80 (6.2) 0.70 (0.22–2.19)
PC20 < 8 mg/mL 37/198 (18.7) 1 (reference) 15/48 (31.3) 2.32† (1.01–5.32) 37/169 (21.9) 1 (reference) 15/77 (19.5) 0.80 (0.37–1.72)
BHR without current 
asthma

33/194 (17.0) 1 (reference) 10/43 (23.3) 1.64 (0.65–4.15) 30/162 (18.5) 1 (reference) 13/75 (17.3) 0.93 (0.42–2.07)

Current eczema 48/107 (44.9) 1 (reference) 11/26 (42.3) 1.37 (0.42–4.46) 46/102 (45.1) 1 (reference) 13/31 (41.9) 0.81 (0.27–2.44)
Allergic sensitization 101/213 (47.4) 1 (reference) 29/47 (61.7) 1.59 (0.77–3.28) 84/183 (45.9) 1 (reference) 31/46 (59.7) 1.83 (0.98–3.42)
AR, allergic rhinitis; aOR, adjusted odds ratio; CI, confidence interval; BHR, bronchial hyperresponsiveness.
*Adjusted by sex, maternal education levels, parental history of allergic diseases, history of second-hand smoking, residential area, and economic status;  
†P < 0.05; ‡P < 0.01.

Table 6. Comorbidities according to AR classifications: comparison between mild and moderate to severe AR, depending on allergic sensitization
Comorbidities of AR Mild Moderate to severe

Allergic sensitization (−) Allergic sensitization (+) Allergic sensitization (−) Allergic sensitization (+)
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
No./total No. 

(%)
aOR*  

(95% CI)
Current asthma 3/111 (2.7) 1 (reference) 5/99 (5.1) 1.51 (0.31–7.47) 4/18 (22.2) 8.68† (1.51–50.01) 4/29 (13.8) 6.61† (1.16–37.6)
PC20 < 8 mg/mL 8/101 (7.9) 1 (reference) 28/86 (32.6) 6.01‡ (2.29–15.75) 2/17 (11.8) 2.01 (0.33–12.32) 11/26 (42.3) 11.77‡ (3.40–40.74)
BHR without current 
asthma

7/100 (7.0) 1 (reference) 25/83 (30.1) 5.29‡ (1.99–14.04) 0/15 (0.0) - 9/24 (37.5) 9.27‡ (2.54–33.76)

Current eczema 18/43 (41.9) 1 (reference) 25/51 (49.0) 2.04 (0.68–6.14) 4/8 (50.0) 1.39 (0.22–8.82) 5/13 (38.5) 1.39 (0.24–8.23)
AR, allergic rhinitis; aOR, adjusted odds ratio; CI, confidence interval; BHR, bronchial hyperresponsiveness.
*Adjusted by sex, maternal education levels, parental history of allergic diseases, history of second-hand smoking, residential area, and economic status;  
†P < 0.05; ‡P < 0.01.



classification. Children with a moderate to severe-persistent AR phenotype showed a higher 
risk of current asthma and BHR compared to those with a mild AR phenotype, and these 
findings were more prominent in cases of moderate to severe AR with allergic sensitization.

There have been several previous studies on AR based on the ARIA classification in children. 
However, few prior studies have been conducted on AR risk factors and comorbidities 
with asthma or BHR in accordance with disease severity in a general population-based 
epidemiologic cohort. Our current findings suggest that the severity of AR symptoms 
by ARIA classification may better reflect the AR phenotype and is more closely related 
to respiratory comorbidities than the persistence of AR in early schoolchildren. These 
observations thus provide useful new insights into the AR phenotype in a real clinical setting.

The prevalence of allergic diseases in Korea was first investigated in 19956 following the 
findings of ISAAC studies that proposed a uniform approach to prevalence surveys through 
standardized questionnaires.13 Subsequent national epidemiological surveys in Korea were 
then conducted in 2000 and 2010.6,8 The findings of the 2 surveys indicated a prevalence of 
rhinitis symptoms in elementary school students in the prior 12 months of 31.0% in 1995 
and 29.7% in 2000.6 In 2010, however, the prevalence rate of allergic diseases in primary 
elementary school students at age 6–7 years and in first year middle school students at age 
12–13 years were 43.6% and 42.6%, respectively. In our study, the current AR incidence in 
7-year-old children, defined as physician-diagnosed AR plus associated symptoms within the 
previous 12 months, was measured at 46.0% and the prevalence of AR symptoms in the prior 
12 months at 63.4% (384/606). Our finding that the prevalence of AR has gradually increased 
in Korea is consistent with the trend described in previous domestic studies.6,8

The increased incidences of allergic diseases in Korea are presumed to be due to lifestyle 
and environmental changes.7,14 Allergic diseases, such as AR, are known to be caused by 
genetic disposition and environmental factors. Through several previous twin studies, a 
genetic background in terms of a family history of allergic disease has been shown to be the 
strongest risk factor for the development of allergy symptoms.15 Environmental factors,16,17 
nutrient intake,18,19 hygiene standards,20,21 maternal stress22,23 and ownership of pets22 have 
also been implicated in the development of allergic disease. In our study cohort, current AR 
was found to be strongly associated with history of asthma diagnosis and family history of 
allergic diseases as reported in other previous studies.15 We also compared risk factors for AR 
phenotypes by the ARIA classification in a general population-based context. Our findings 
indicate that the recent use of analgesics or antipyretics and current cat ownership are 
associated with the risk of mild persistent AR.

The aeroallergens that affect AR symptoms may vary according to geographical regions and 
particular seasons. A prior domestic study concluded that seasonal pollens do not play a 
role in the seasonal prevalence of AR in terms of the severity of symptoms.24 However, in 
our study, both house dust mites and Japanese hop were found to be significant allergens in 
moderate to severe persistent AR in Korean children. In addition, a moderate to severe AR 
phenotype in our current analysis was found to be related to sensitization to Japanese hop 
and cat as compared to a mild AR phenotype. Moreover, the moderate to severe-persistent 
AR phenotype showed the strongest association with allergen sensitization as assessed by 
skin prick testing. We further found that a mild AR phenotype with a history of asthma was 
related to Der p sensitization compared to a mild AR phenotype without asthma history. An 
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intermittent AR phenotype with a history of asthma was found to be related to sensitization 
to cat compared to an intermittent AR phenotype without a history of asthma.

Rhinitis is a disorder that has always been considered in conjunction with other allergic 
counterparts such as asthma and eczema. In our study series, we investigated AR 
comorbidities in children in accordance with their ARIA classification. The children with 
moderate to severe AR had a higher risk of current asthma, but not current eczema compared 
to those with mild AR. AR and asthma are considered to be a single airway disease and their 
relationship has been investigated in several studies in accordance with the AR phenotype. 
In a prior multi-center cross-sectional study, asthma prevalence was reported not to correlate 
with the ARIA classification of rhinitis in adults.25 Another previous cross-sectional study 
revealed that asthma prevalence increases with the duration and severity of rhinitis in 
adults.26 Few studies, however, have investigated the relationship between asthma and AR 
in children according to the ARIA classification. In a previous Portuguese nationwide and 
population-based study, current wheezing showed a strong association with moderate to 
severe-persistent AR in preschool children.27 Another prospective study on children aged 
6–12 years reported that the severity and duration of AR were significantly associated with 
asthma,28 which is comparable to our findings.

It is now clear from the results of a large number of previous cross-sectional studies that 
AR is strongly associated with not only asthma but also BHR. The prevalence of BHR has 
been reported to be higher in non-asthmatic patients with AR than in normal subjects.29-31 
In a population-based longitudinal study,30 9.7% of adult patients with AR and no BHR 
developed this condition after 9 years. In addition, BHR symptoms have been shown to 
improve after AR treatment.32 These findings suggest that AR may contribute to lower airway 
inflammation33 via the nasobronchial reflex, mouth breathing and postnasal drip.30 In our 
study, children with moderate to severe AR had a higher risk of BHR compared to children 
with mild AR, which is consistent with the finding of a previous study.34 Importantly, we 
further showed that the severity of AR symptoms are a more important factor for the onset 
of respiratory comorbidities than the persistence of symptoms in early school children, 
particularly in cases with allergic sensitization. These findings differ from those of previous 
studies that have reported a relationship between persistent AR symptoms and BHR.29,35,36 
Several prior case control studies29,36 in non-asthmatic children have also indicated that the 
persistence of AR symptoms is significantly associated with BHR, and a another prospective 
cohort study35 of rhinitis children only aged 6–15 years reported that the persistence but not 
severity of rhinitis was a significant predictor of BHR. In our study, the number of subjects 
with a persistent phenotype was not so many because our study is a general population-
based study. Especially, the number of subjects in persistent phenotypes (n=81: subjects; 
mild-persistent AR, 47; subjects with moderate to severe persistent AR, 34) was smaller than 
those of intermittent phenotypes (n=198: subjects; mild-intermittent AR, 179, subjects with 
moderate to severe-intermittent AR, 19). The statistical significance may be affected by the 
low number of subjects. Therefore, it needs a larger general population study in the future. 
The persistence of AR may be misinterpreted by recurrent respiratory infections and sinusitis 
symptoms. However, there have been few previous general population-based studies, on 
the relationship between BHR and AR phenotype in children in accordance with the ARIA 
classification as in our report. Our analyses show that there is a relationship between AR 
severity and BHR in 7-year-old children from the general Korean population, which includes 
most children with mild AR symptoms.
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The greatest strength of our present study was that all of the subjects were enrolled from 
a population-based nationwide birth cohort study that visited their regional hospital 
and received a physical examination from an allergy specialist, in addition to an allergic 
examination and bronchial challenge test. Pediatric allergy specialists thus verified the 
AR phenotypes using the ARIA classification and thus raised the diagnostic accuracy of 
this condition by directly taking a detailed history and conducting a physical examination 
for all of the subjects. However, there were also several limitations of our present study of 
note. In the first instance, it was possible that our PSKC birth cohort subjects who attended 
their regional hospital had more pronounced medical conditions than the subjects who 
declined to do so, and the prevalence of AR was significantly higher in the hospital visiting 
group than in the non-hospital visiting group in the questionnaire assessment (Table 1 
and Supplementary Table S3). Even though we used AR definitions by ‘Pediatric allergist 
interview’ to improve the accuracy of AR diagnosis, this may have led to an overestimation of 
the prevalence of moderate to severe AR in the general population. Additionally, the effects 
of upper respiratory infection and sinusitis may be misinterpreted as persistent symptoms of 
rhinitis in this age group of children. In addition, the data we collected on risk factors were 
largely dependent on the recall of the parents and caregivers, which could not be verified by 
the treating physician. We used the ISAAC questionnaire to evaluate the presence of allergic 
diseases, which is widely used and has previously been validated in a large epidemiologic 
study.13 We also assumed that the pediatric allergy specialist interviews would have 
compensated for some of the limitations of the ISAAC questionnaire.

We conclude from our findings that the moderate to severe-persistent AR phenotype is more 
closely related to respiratory comorbidities and allergen sensitization than the mild AR 
phenotype. In addition, a novel finding from our analysis is that the severity of AR is more 
closely related to current asthma and BHR than its persistence in young children. The results 
of our study will help physicians identify rhinitis phenotypes that require specific treatments 
and prevent asthma and BHR development.
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