
© Copyright The Korean Academy of Asthma, Allergy and Clinical Immunology • The Korean Academy of Pediatric Allergy and Respiratory Disease314  http://e-aair.org

INTRODUCTION

Allergic rhinitis (AR) is a common chronic disease in child-
hood and adolescence.1,2 AR negatively impacts physical, so-
cial, and psychological well-being, and these effects can also 
extend to other family members.1,3 Children with AR complain 
of disruptive sneezing, itching, watery rhinorrhea, and nasal 
blockage; these symptoms can indirectly cause sleep distur-
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(aOR, 1.97; 95% CI, 1.33-2.90) during infancy were associated with an increased risk of current AR, whereas having an older sibling (aOR, 0.52; 95% 
CI, 0.35-0.75) reduced the risk. Children with current atopic AR had significantly higher geometric mean levels of FeNO compared to those with non-
atopic rhinitis (12.43; range of 1standard deviation [SD], 7.31-21.14 vs 8.25; range of 1SD, 5.62-12.10, P=0.001) or non-atopic healthy children (8.58; 
range of 1SD, 5.51-13.38, P<0.001). The FeNO levels were higher in children with current atopic AR compared with atopic healthy children (9.78; 
range of 1SD, 5.97-16.02, P=0.083). Conclusions: Mold exposure and use of antibiotics during infancy increases the risk of current AR, whereas 
having an older sibling reduces it. Children with current atopic AR exhibit higher levels of FeNO compared with non-atopic rhinitis cases, suggesting 
that FeNO levels may be a useful discriminatory marker for subtypes of AR in preschool children.
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bances and daily fatigue, thereby resulting in impaired school 
performance.4

The prevalence of AR is increasing worldwide.5 The Interna-
tional Study of Asthma and Allergies in Childhood (ISAAC) I 
studies revealed that the median average prevalence of rhino-
conjunctivitis in the past year for 6- to 7-year-old children was 
6.9% (range 0.8%-14.9%) in 1997.6 ISSAC III studies (1999-2004) 
reported an average prevalence of current rhinoconjunctivitis 
symptoms of 8.5% (range 2.8%-21.8%) in 6- to 7-year-old chil-
dren and 14.6% (1.0%-45.0%) in 13- to 14-year-old children.7 
The prevalence of AR in early childhood has continually in-
creased from 1995 to 2008 in Seoul, Korea. Indeed, the preva-
lence of current AR was 11.9% in 1995, 14.2% in 2000, 19.4% in 
2005, and 22.2% in 2008.8

By contrast, limited data on the prevalence of AR are available 
because of difficulties in the diagnosis or definition of AR, espe-
cially in preschool-aged children. In a study from central China, 
the prevalence of AR in 3- to 6-year-old children was reported 
to be 10.8% based on the diagnostic criteria of nasal symptoms 
and positive skin prick test (SPT) results.9 The prevalence of rhi-
nitis symptoms ever in life time was reported in another study 
to be 43.4%, whereas the prevalence of physician-diagnosed AR 
was 26.4% and 26.1% of 3- to 5-year old children were treated 
because of AR.5 Most studies of the prevalence of AR in pre-
school children have been performed using a questionnaire; 
therefore, the wide range of reports of the prevalence of AR may 
be partially attributed to an overestimation of AR. Furthermore, 
the prevalence of AR can be varied and depend upon the defi-
nition of AR.

Rhinitis is defined as inflammation of the nasal epithelium 
and characterized by at least 2 of the following nasal symptoms: 
rhinorrhea, blockage, sneezing, or itching. AR is caused by ex-
posure to an allergen to which an individual is sensitized.10 In 
preschool-aged children, it is challenging to distinguish AR 
from infectious rhinitis and to define AR because of low rates of 
allergen sensitization.3,11

The fractional concentration of exhaled nitric oxide (FeNO) is 
a noninvasive parameter used to measure airway inflammation 
by analyzing gas collected from a single breath.12 Up-regulation 
of inducible nitric oxide synthase during intranasal and airway 
inflammation can increase FeNO levels.13 FeNO is correlated 
with other markers of inflammation, such as total serum im-
munoglobulin E (IgE) and eosinophil counts in the airway mu-
cosa, and its levels are elevated in asthmatic patients.12 Because 
allergic diseases, such as AR and atopic dermatitis (AD), can 
confound the relationship between FeNO and asthma, AR 
should be considered in the assessments of FeNO levels in pa-
tients with asthma.14 Additionally, subjects with AR who do not 
exhibit asthmatic symptoms can have significantly higher levels 
of FeNO than those in healthy school-aged children (15.3 vs 5.9 
ppb).15 However, the levels of FeNO in preschool children with 
AR have not yet been reported and little is known about the ep-

idemiology of AR in preschool-aged children.
This study aimed to investigate the prevalence and associated 

risk factors of AR in preschool-aged children (3- to 7-years-old). 
Additionally, we compared FeNO levels in children with AR ac-
cording to the presence or absence of potential confounding 
factors, such as comorbidities related to asthma.

 

MATERIALS AND METHODS

Study participants
The present study was designed as a cross-sectional and com-

munity-based study as a part of a standardization study for the 
diagnosis and treatment of pediatric allergic diseases. It includ-
ed 16 randomly selected childcare centers from Seoul and 
Gyeonggi province in Korea, between July and August of 2010. 
A modified ISAAC questionnaire2 was used to evaluate the 
prevalence of allergic diseases.

The study population included 480 boys and 453 girls (mean 
age, 4.87±1.05 years). Patient demographic profiles and gener-
al information are presented in Table 1. A parental history of 

Table 1. Subject characteristics

Characteristics No./total No. (%)*

No. of subject 933
Responded to questionnaire 919/933 (98.5)
Age, mean±SD (year) 4.87±1.05
Sex (M/F) 480/453
BMI, mean±SD (kg/m2) 15.9±1.65
Parental history of allergic disease 449/916 (49.0)
Parental history of asthma 46/914 (5.0)
Parental history of AR 403/915 (44.0)
Parental history of AD 105/915 (11.5)
Environmental tobacco smoking 412/911 (45.2)
Maternal education level 
   < College degree 240/905 (26.5)
   ≥ College degree 665/905 (73.5)
Economic status (monthly income, USD)
   Low (< 3,000) 328/890 (36.9)
   Middle (3,000-5,000) 341/890 (38.3)
   High (≥5,000) 221/890 (24.8)
Biomarker
   Eosinophil, mean±SD (%) 4.17±3.20
   Total IgE, mean±SD (IU/mL) 194.35±376.47
Atopy† 147/659 (22.3)
FeNO, mean±SD (ppb) 10.31±6.51

SD, standard deviation; M, male; F, female; BMI, body mass index; AR, allergic 
rhinitis; AD, atopic dermatitis; USD, US dollar; IgE, immunoglobulin E; FeNO, 
fractional exhaled nitric oxide; SPT, skin prick test.
*Data are presented as number/total number (percentage) of patients, unless 
otherwise indicated; †Defined as at least 1 positive SPT result (an allergen 
wheal diameter greater than a histamine wheal diameter and a histamine 
wheal diameter ≥3 mm).
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any allergic disease, including asthma, AR, or AD, was reported 
for 49.0% of individuals, while a parental history of AR was not-
ed for 44.0%. Exposure to environmental tobacco smoke was 
reported in 45.2% of the study population.

The Institutional Review Board (2010-02 CON-14-P) of Asan 
Medical Center approved the study protocol. Written consent 
was obtained from all parents and guardians following a de-
tailed explanation of the study.

ISAAC questionnaire
A modified Korean version of the ISAAC was previously vali-

dated as a tool for the assessment and diagnosis of allergic 
symptoms in Korean children.16 The questionnaire includes 3 
main sections: (1) general patient characteristics, including 
name, sex, date of birth, height, and weight; (2) a history of 
symptoms related to asthma, AR, AD, allergic conjunctivitis, 
and food allergy; and (3) exposure to environmental factors as-
sociated with allergic disease. The Korean version of the ISAAC 
questionnaire was completed by the parents or guardians of 
the preschool-aged children.

Prevalence of AR
We determined the prevalence of the following factors: (1) 

sneezing or a runny/blocked nose at any point in life (i.e., AR 
symptoms ever); (2) sneezing or runny/blocked nose and AR 
symptoms within the 12 months prior to survey completion 
(i.e., AR symptoms in the last 12 months; (3) a diagnosis of AR 
at any point in a lifetime (i.e., AR diagnosis ever); (4) treatment 
for AR within 12 months prior to survey completion (i.e., AR 
treatment in the last 12 months); (5) exhibiting AR symptoms 
within the last 12 months and a diagnosis of AR by clinicians at 
any point in life (i.e., current AR); (6) exhibiting AR symptoms 
within the last 12 months and a diagnosis of AR by clinicians at 
any point in life along with atopy (i.e., current atopic AR); and 
(7) AR symptoms in the last 12 months who had 1 or more pos-
itive reactions on SPTs (i.e., atopic AR).

White blood cells (WBCs), eosinophils, total IgE, and specific IgE
WBCs and the percentage of blood eosinophils were mea-

sured. The levels of total serum IgE and specific IgE were mea-
sured by fluorescent enzyme immunoassay using the Immuno-
CAP system (Phadia AB, Uppsala, Sweden). Titers of specific 
IgE were measured for 7 major inhaled allergens: Dermatopha-
goides farina (Der f), cat, dog, cockroach, Alternaria alternate, 
mugwort, and alder. The titers of specific IgE were considered 
to be positive if they were greater than 0.35 kUA/L.

SPTs
SPTs were performed against the following 18 common aero-

allergens and food allergens (Allergopharma, Reinbek, Germa-
ny): Dermatophagoides pteronyssinus (Der p), Der f, cat, dog, 
mugwort, grass, birch, ragweed, alder, oak, Japanese hop, As-

pergillus fumigatus, Alternaria alternate, cockroach, milk, soy-
bean, egg white, and peanut. As positive and negative controls, 
histamine, and isotonic saline, respectively, were used. Maxi-
mum wheal diameters that were greater than both of those 
caused by histamine and 3 mm in the absence of any reaction 
to saline were considered positive responses on SPTs after 15 
minutes. Atopy was defined as exhibiting a positive response 
against at least 1 allergen on SPTs.

FeNO
The Levels of FeNO were measured using a Niox Mino analyz-

er (Aerocrine, Solna, Sweden) according to American Thoracic 
Society/European Respiratory Society (ATS/ERS) recommen-
dations by a single experienced operator.17 Measurements were 
made at an expiratory flow rate of 50 mL/sec and the duration 
of exhalation was at least 6 seconds to ensure that NO levels 
were stable. A total of 3 recorded FeNO measurements with re-
peated measurements within 10% of the mean were obtained 
for each subject. The mean value of the 3 measurements was 
recorded as the final FeNO.17

Statistical analysis
Statistical analyses were performed using SAS version 9.0 (SAS 

Institute, Cary, NC, USA). The prevalence of allergic diseases is 
presented as mean values with the 95% confidence interval 
(CI). To identify potential risk factors for current AR, χ2 tests and 
logistic regression analyses were conducted. For multivariate 
analysis, age, sex, and body mass index (BMI) were adjusted as 
personal factors, a parental history of AD was adjusted as a ge-
netic factor, and the level of maternal education was considered 
as a socioeconomic factor. Sensitization to Der p or Der f indi-
cated a positive response on SPTs or ImmunoCAP for house 
dust mite antigen. A P value of <0.05 was used to define statis-
tically significant differences.

RESULTS

Prevalence of AR
The prevalence of allergic diseases, including current AR, is 

shown in Fig. 1. Generally, an increasing trend was observed 
for the prevalence of AR with age in preschool-aged children. 
The rates of prevalence of AR symptoms ever in life, AR symp-
toms in the last 12 months, AR diagnosis in the life time, and AR 
treatment in the life time in 3- to 7-year-old children were 
43.8%, 38.5%, 23.8%, and 18.6%, respectively. The prevalence of 
current AR, current atopic AR, and atopic AR symptoms within 
12 months in 3- to 7-year-old children was 17.0%, 4.7%, and 
7.5%, respectively (Fig. 1).

Risk factors for current AR
The independent risk factors for current AR included a history 

of asthma diagnosis (adjusted odds ratio [aOR], 2.96; 95% CI, 
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1.73-5.08), a history of wheezing in the last 12 months (aOR, 
2.09; 95% CI, 1.21-3.59), a history of AD diagnosis (aOR, 1.61; 
95% CI, 1.11-2.34), and a parental history of asthma (aOR, 2.10; 
95% CI, 1.08-4.08). We also identified independent environ-
mental risk factors for AR, which included the use of antibiotics 
in infancy for more than 3 days (aOR, 1.97; 95% CI, 1.33-2.90) 
and exposure to indoor mold during infancy (aOR, 1.67; 95% 
CI, 1.15-2.43). Additionally, having an older sibling reduced the 
risk of current AR (aOR, 0.52; 95% CI, 0.35-0.75) (Table 2).

Sensitization for current AR
Table 3 shows analyses of associations between positive sen-

sitization on SPTs and current AR. The independent risk factors 
for current AR included any any sensitization on SPTs (aOR, 
1.99; 95% CI, 1.26-3.14), Der p (aOR, 2.23; 95% CI, 1.37-3.54), 
Der f (aOR, 2.23; 95% CI, 1.27-3.91), and Japanese Hop (aOR, 
6.59; 95% CI, 1.09-39.85). The independent risk factors for cur-
rent AR on immunoCAP included more than 1 sensitization 
(aOR, 1.84; 95% CI, 1.20-2.82) and sensitization to Der f (aOR, 
1.96; 95% CI, 1.27-3.03) or mugwort (aOR, 4.63; 95% CI, 1.51-
14.23) (Table 4).

Fig. 1. The prevalence of all related AR questionnaires in 3- to 7-year-old chil-
dren. AR, allergic rhinitis; sx., symptom; 12 mo., within 12 months; Dx., diagno-
sis; Tx., treatment.
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Table 2. Risk factors for current AR in preschool children

Risk factors OR (95% CI) P value aOR* (95% CI) P value

Genetic factors
   Parental asthma 3.22 (1.71-6.07) <0.001 2.10 (1.08-4.08) 0.028
   Parental AR 2.88 (2.01-4.14) <0.001 2.25 (0.92-5.52) 0.077
   Parental AD 1.49 (0.91-2.43) 0.115 0.93 (0.54-1.61) 0.800
Past history
   Past history of asthma diagnosis 3.44 (2.10-5.63) <0.001 2.96 (1.73-5.08) <0.001
   Wheezing, last 12 months 1.89 (1.13-3.16) 0.015 2.09 (1.21-3.59) 0.008
   Past history of AD diagnosis 1.74 (1.23-2.47) 0.002 1.61 (1.11-2.34) 0.012
   History of bronchiolitis before 2 years of age 1.39 (0.91-2.12) 0.132 1.18 (0.74-1.89) 0.479
   Breast milk feeding >6 months 1.27 (0.84-1.95) 0.262 1.24 (0.80-1.94) 0.338
   Use of antibiotics in infancy (>3 days) 1.95 (1.36-2.80) <0.001 1.97 (1.33-2.90) <0.001
   Cesarean-section delivery 1.35 (0.95-1.92) 0.100 1.37 (0.94-2.00) 0.099
Environmental factors
   Environmental tobacco smoking 1.09 (0.77-1.53) 0.127 1.15 (0.79-1.67) 0.460
   Current pet ownership 0.63 (0.19-2.12) 0.451 0.66 (0.19-2.29) 0.508
   Pet ownership in infancy 0.85 (0.37-1.94) 0.323 0.80 (0.34-1.86) 0.600
   Dog ownership in infancy 0.96 (0.42-2.21) 0.928 0.90 (0.38-2.12) 0.810
   Cat ownership in infancy 1.17 (0.13-10.51) 0.891 1.00 (0.11-9.30) 0.996
   Day care attendance before 1-year-old 0.84 (0.48-1.48) 0.551 0.97 (0.53-1.76) 0.908
   Having an older sibling 0.56 (0.39-0.79) <0.001 0.52 (0.35-0.75) 0.001
   Having a younger sibling 1.09 (0.76-1.57) 0.633 1.11 (0.77-1.64) 0.561
   History of remodeling, currently 0.92 (0.57-1.48) 0.736 0.82 (0.48-1.39) 0.452
   Indoor mold exposure during infancy 1.69 (1.18-2.40) 0.004 1.67 (1.15-2.43) 0.007
   Indoor mold exposure during previous last 12 months 1.18 (0.84-1.67) 0.347 1.09 (0.75-1.58) 0.646

AR, allergic rhinitis; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval; AD, atopic dermatitis; BMI, body mass index.
*Adjusted by age, sex, BMI, parental history of allergic diseases, and maternal education levels.
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Levels of FeNO and total serum IgE, and blood eosinophil 
counts in current atopic AR patients without asthma or atopy

The geometric mean levels of FeNO were significantly higher 
in children with current atopic AR without asthma than in ei-
ther control individuals or those with non-atopic rhinitis with-
out asthma groups (12.43; 95% CI, 10.07-15.49 vs 8.25; 95% CI, 
7.39-9.39, P=0.001). Furthermore, children with current atopic 
AR without asthma had significantly higher geometric mean 

levels of FeNO compared with non-atopic healthy children 
(8.58; 95% CI, 8.00-9.21, P<0.001). The levels of FeNO were 
higher in children with current atopic AR without asthma com-
pared with those in atopic healthy children (12.43; 95% CI, 
10.07-15.49 vs 9.78; 95% CI, 8.41-11.59, P=0.083) (Fig. 2).

Levels of total serum IgE (210.61; 95% CI, 134.29-333.62 vs 
55.70; 95% CI, 44.70-70.10, P<0.001) and the percentages of 
blood eosinophils (5.58; 95% CI, 4.39-6.82 vs 3.16; 95% CI, 2.72-
3.63, P<0.001) from children having current atopic AR without 
asthma were higher than those with non-atopic rhiinitis with-
out asthma (Supplementary Figs. 1 and 2). The total serum IgE 
levels tended to be higher in children with current atopic AR 
without asthma compared with those in the atopic healthy chil-
dren (210.61; 95% CI, 134.29-333.62 vs 149.90; 95% CI, 114.43-
200.34, P=0.193). Children with current atopic AR without 
asthma had a significantly higher geometric mean blood eosin-
ophil percentage compared with those from the atopic healthy 
children (3.93; 95% CI, 3.35-4.62, P=0.015).

Cutoff values for FeNO, total serum IgE, and blood eosinophil 
percentages to define atopic current AR

To define cutoff values for FeNO to differentiate children atop-
ic current AR from atopic healthy children, we constructed a re-
ceiver operation characteristic (ROC) curve for the diagnosis of 
current atopic AR. A FeNO >7.5 ppb yielded a sensitivity of 
86.4%, a specificity of 47.7%, and the area under the ROC curve 
(AUC) of 0.714 (95% CI, 0.600-0.829). Additionally, we calculat-
ed optimal cutoff values for serum IgE of >86.1 kU/L, with a 
sensitivity of 83.2%, a specificity of 71.5%, and an AUC of 0.835 
(95% CI, 0.811-0.858), as well as a blood eosinophil frequency 
of >2.5%, sensitivity of 66.1%, specificity of 68.1%, and an AUC 
of 0.706 (95% CI, 0.674-0.738; Table 5). A significant linear cor-
relation between FeNO, total serum IgE levels, and blood eo-

Table 3. Associated positive sensitization on SPTs for the development of cur-
rent AR

Risk factors OR (95% CI) P value aOR* (95% CI) P value

SPT any positive 2.34 (1.52-3.61) <0.001 1.99 (1.26-3.14) 0.003
Der p 2.56 (1.63-4.02) <0.001 2.23 (1.37-3.54) 0.001

Der f 2.62 (1.54-4.46) <0.001 2.23 (1.27-3.91) 0.005

Alder 0.86 (0.10-7.42) 0.890 0.77 (0.09-6.84) 0.815

Birch 1.44 (0.15-13.93) 0.755 1.14 (0.11-11.4) 0.913

Mugwort 2.90 (0.48-17.53) 0.247 0.81 (0.08-7.97) 0.856

Japanese Hop 6.59 (1.09-39.85) 0.040 3.57 (0.47-27.37) 0.221

Dog 2.19 (0.65-7.39) 0.207 2.14 (0.53-8.60) 0.285

Cat 4.35 (0.61-31.22) 0.143 4.56 (0.61-34.30) 0.140

Egg white 8.72 (0.78-96.99) 0.078 10.31 (0.86-123.00) 0.065

Alternaria 4.35 (0.61-31.22) 0.143 4.49 (0.58-34.77) 0.151

Aspergillus 4.32 (0.27-69.64) 0.302 2.73 (0.16-45.29) 0.485

Ragweed 4.33 (0.27-69.64) 0.302 5.83 (0.35-96.80) 0.219
Oak 1.08 (0.12-9.71) 0.865 0.81 (0.09-7.58) 0.852

SPT, skin prick test; AR, allergic rhinitis; OR, odds ratio; aOR, adjusted odds ra-
tio; CI, confidence interval; Der p, Dermatophagoides pteronyssinus; Der f, Der-
matophagoides farina; BMI, body mass index.
*Adjusted by age, sex, BMI, parental history of allergic diseases, and maternal 
education levels.

Table 4. Associated positive serum-specific IgE test results for the develop-
ment of current AR

Risk factors OR (95% CI) P value aOR* (95% CI) P value

Sensitization 
   ≥1 allergens

2.01 (1.39-3.13) <0.001 1.84 (1.20-2.82) 0.006

Der f 2.25 (1.49-3.38) <0.001 1.96 (1.27-3.03) 0.002

Cat 3.15 (0.83-11.92) 0.091 3.47 (0.89-13.50) 0.073

Dog 2.36 (0.78-7.19) 0.130 2.97 (0.90-9.80) 0.074

Cockroach 1.03 (0.29-3.72) 0.961 1.03 (0.28-3.82) 0.965

Alternaria 2.56 (0.91-7.18) 0.075 2.72 (0.92-8.06) 0.071

Mugwort 5.47 (1.86-16.10) 0.002 4.63 (1.51-14.23) 0.007
Alder 2.33 (0.84-6.43) 0.103 1.97 (0.69-5.64) 0.206

Positive specific IgE levels are defined as ≥ 0.35 kU/L for each allergen.
IgE, immunoglobulin E; AR, allergic rhinitis; OR, odds ratio; aOR, adjusted odds 
ratio; CI, confidence interval; Der f, Dermatophagoides farinae; BMI, body mass 
index.
*Adjusted by age, sex, BMI, parental history of allergic diseases, and maternal 
education levels.

Fig. 2. FeNO levels among children having current atopic AR without asthma 
along with those in atopic and non-atopic healthy children. FeNO, fractional ex-
haled nitric oxide; AR, allergic rhinitis; CI, confidence interval. *P<0.01.
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sinophil percentage was observed (r=0.244, P<0.001 for serum 
IgE and r=0.296, P<0.001 for blood eosinophilia; Supplemen-
tary Figs. 3A and B).

 

DISCUSSION

Our current general population-based study demonstrated 
the prevalence of AR and the discriminative value of FeNO for 
the diagnosis of AR in preschool-aged children in Seoul, Korea. 
In the present study, the prevalence of current AR, atopic cur-
rent AR, AR symptoms ever in lifetime, and atopic AR symp-
toms ever in lifetime in preschool-aged children were 17.0%, 
4.7%, 43.8%, and 8.4%, respectively, which indicates that AR is 
not uncommon in preschool-aged children. A parental history 
of asthma, a past history of asthma, AD, indoor mold exposure, 
antibiotic use during infancy, and atopy increased the risk of 
current AR, whereas the presence of an older sibling reduced 
the risk of current AR. Sensitization to Der p, Der f, and Japa-
nese hop was associated with an increased risk of current AR in 
preschool-aged children. In this study, we excluded children 
with asthma and divided the current AR group into 2 subgroups 
based on the presence of atopy. The levels of FeNO were signif-
icantly higher in children with current atopic AR without asth-
ma (12.43 ppb; 95% CI, 10.07-15.49) compared those with non-
atopic rhinitis without asthma (8.25 ppb; 95% CI, 7.39-9.39; 
P=0.001) or atopic healthy children (9.78 ppb; 95% CI, 8.41-
11.59), although the latter difference was not statistically signifi-
cant (P=0.083). Therefore, we should suspect AR when atopic 
preschool children complain of AR symptoms and present with 
high levels of FeNO.

Some children may only exhibit significant symptoms with a 
combination of both allergic inflammation and coexisting viral 
infection. Additionally, it can be difficult to differentiate AR from 
other common diseases, such as non-allergic rhinitis (NAR) and 
chronic rhinosinusitis, as these diseases share similar symptoms 
with AR in young children. These similarities are particularly 
common in preschool-aged children.18 We diagnosed current 
AR as nasal symptoms and also used physician diagnoses to re-
duce potential errors in the misdiagnosis of AR. Furthermore, 
the findings of our study are important, as they combine a ques-
tionnaire survey and clinical diagnoses with the results of SPT in 
a large randomly selected preschool children with AR.

The reported prevalence of AR in preschool-aged children is 
diverse and varies by region.19 This finding might be partially 
attributed to misdiagnoses and be related to the physician’s ex-
perience in the diagnosis of AR. However, the prevalence of AR 
has been progressively increasing worldwide, while the age of 
onset is decreasing.19 In a birth cohort study carried out in Swe-
den in 2003, the frequency of 4.5-year-old children who report-
ed symptoms that were compatible with AR during the previ-
ous year was 5.5% (246/4,465), and the frequency of doctor-di-
agnosed AR based on symptoms during the last year was 1.7% 
(75/4,465).20 In a study conducted in China using an ISAAC 
questionnaire, the prevalence of AR, which was defined as na-
sal symptoms and atopy on SPTs, was 10.8% in 3- to 6-year-old 
children,9 a rate that was similar to the prevalence of atopic AR 
symptoms in an individual’s lifetime (8.4%) observed in our 
study. In a study carried out in Seoul, Korea using an ISAAC 
questionnaire, the prevalences of AR ever, AR in the last 12 
months, AR diagnosis ever, and treatment in the last 12 months 
were 31.8%, 26.2%, 16.2%, and 12.9%, respectively, in children 
who were 2-7 years old in 2009.21 Furthermore, in a study of 3- 
to 6-year-old preschool children in the Gyeonggi Province of 
Korea in 2009, the prevalence of AR ever was 44.2%, while that 
of AR symptoms in the last 12 months was 40.7%, that of AR di-
agnosis ever was 34.5%, and that of treatment in the last 12 
months was 28.0%.22

The findings of the aforementioned studies were similar to 
those of our study, which used the ISAAC questionnaire, as the 
prevalences of AR symptoms ever in life, AR symptoms in the 
12 months, AR diagnosis in the life time and AR treatment in 
the life time were 43.8%, 38.5%, 23.8%, and 18.6% respectively. 
Differences in the prevalence of AR between our report and 
earlier studies from China might be in part attributed to differ-
ences in the definition of AR combined with atopy in SPTs. Ad-
ditionally, differences in environmental factors according to re-
gions may affect the prevalence of AR. However, the use of a 
questionnaire method may result in a the high probability of 
overestimation. The prevalence of atopy for SPTs is low, espe-
cially in preschool children; therefore, application results based 
on SPTs could result in an underestimated diagnosis of AR. 
Thus, further studies will be required to accurately determine 
the prevalence of AR in a large study using a unified definition 
of AR. Moreover, considering that conducting SPTs on pre-
school children was particularly difficult in this study, a non-in-
vasive FeNO test may aid in diagnoses of AR in preschool chil-
dren. However, the prevalence of AR is not uncommon in pre-
school children. Hence, we must further characterize when AR 
develops, determine how to diagnose AR, and assess whether 
cases of AR in preschool children are increasing, so that follow-
up studies about the pathogenesis of AR are needed.

In our study, environmental factors that we identified as inde-
pendent risk factors for AR included the use of antibiotics in in-
fancy and exposure to household mold during infancy. A pro-

Table 5. Cutoff values for FeNO, serum IgE, and blood eosinophil levels in chil-
dren with current atopic AR without asthma

Cut-off value Sensitivity (%) Specificity (%)

FeNO (ppb) >7.5 86.4 47.7
Serum IgE (kU/L) >86.1 83.2 71.5
Blood eosinophil (%) >2.5 66.1 68.1

FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; AR, allergic rhini-
tis.
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tective effect of having an older sibling on AR in preschool-aged 
children was observed, which was consistent with an inverse 
association between the number of siblings and hay fever.23,24 
The use of antibiotics in early life is known to lead to alterations 
in the intestinal flora and increase the risk of childhood atopy 
and asthma.23-25 Therefore, our data support the hygiene hy-
pothesis that microbiome naturally colonizing in our body may 
affect the development of human immune system and the de-
velopment of allergic disease. Especially during pregnancy and 
within 3 years after birth, the composition of the microorgan-
isms in the intestinal microbiome is affected by the delivery 
method of the infant as well as differences in diet composi-
tion.26 Antibiotic use during infancy induces changes in the 
composition of the intestinal microbial strain, and this is asso-
ciated with suppressed T helper 1 (Th1)-type immunity after 
normal birth as well as progressively increased serum IgE levels 
and regulatory T cells, which are known to suppress T helper 2 
(Th2)-type immune responses.27,28

In our study, Der f and Der p were found to be independent 
risk factors for allergic sensitization on SPT and CAP in pre-
school-aged children with current AR. Exposure to indoor al-
lergens at home is a common cause of perennial AR, especially 
in young children who spend most of their time indoors. There-
fore, in children with allergic sensitization to house dust mite 
allergens, avoidance of house dust mites is always a critical 
component of a management strategy for AR in preschool-aged 
children.10 Additionally, mugwort was identified as a major in-
dependent risk factor for AR in preschool-aged children.

A key issue is the relationship between AR and FeNO levels. 
FeNO analysis is often used to assess eosinophilic airway in-
flammation in bronchial asthmatic patients. Many studies have 
shown increased levels of FeNO in adults with AR.19 Although 
the literature on FeNO measurements in children with AR is 
less extensive, FeNO has been reported to be increased in chil-
dren with AR.29 In China, in a case-control study with age- and 
gender-matched  children based on a lager cross-sectional gen-
eral population survey on asthma, AR and AD among 9- to 
11-year-old school-aged children with physician-diagnosed AR 
without asthma had significantly elevated levels of FeNO 
(25.8±2.1 ppb) compared with the control group (13.3±1.6 
ppb), which included children without physician-diagnosed 
asthma, AR, or AD (P=0.008). Although they did not control 
whether the patients had atopy or not, they showed that AR 
could independently cause an increase in FeNO levels in Chi-
nese school- aged children.30 Although several studies have as-
sessed FeNO levels in school-children with asthma or AR,30,31 
limited data are available about FeNO levels in preschool-aged 
children. The FeNO level is low at younger age32 and a study 
that suggested FeNO level of recurrent wheezers in preschool 
children was approximately 10-15 ppb, which is lower than 
school-aged children’s levels.33 Our study focused on the pre-
sentation of FeNO levels in preschool children with AR who 

were 3-7 years old and controlled for the confounding factor of 
asthma, which is one of the most powerful determinants of in-
creased FeNO levels. We believe that further studies on FeNO 
with preschool children will be required to compare the results 
with our study, rather than using the FeNO level of the older 
children’s reference values.

 Most previous reports of the prevalence of AR have been 
based on a questionnaire survey alone, which may have result-
ed in an overestimation of the prevalence (up to 50%) of AR.34 
Similar to other studies, our findings were based on a question-
naire survey. Therefore, as we diagnosed current AR based on a 
questionnaire, both recall and selection bias may exist. Addi-
tionally, reporting bias might have exist because clinicians did 
not directly examine and follow up the current AR patients. To 
evaluate the actual prevalence of AR, we classified current atop-
ic AR and non-atopic rhinitis to differentiate between rhinitis 
with and without sensitization to allergens. Another limitation 
of our study was its cross-sectional design, which limited our 
ability to determine causation. However, our study was popula-
tion-based, which is a major strength that allows for an estima-
tion of the population attributable risk of multiple factors. Fur-
thermore, it is difficult to compare the prevalence of current AR 
calculated herein with previous studies because of differences 
between the study population groups, which were from differ-
ent areas. Despite these limitations, our current findings merit 
attention because limited data are available on the prevalence 
of AR in preschool-aged children. An additional strength of our 
study was that we performed the FeNO test among preschool 
children who were suspected AR cases using a non-invasive 
biomarker.

In conclusion, the prevalence of current AR in preschool-aged 
children was 17.0%, indicating that the onset of AR can be sig-
nificant at younger age. Furthermore, levels of FeNO were high-
er in children who had current atopic AR, which suggests that 
FeNO levels can be a useful diagnostic marker of current AR in 
preschool-aged children. Future surveillance efforts that follow 
a well-designed large patient cohort will be required to quanti-
tatively assess the prevalence of AR and its associated risk fac-
tors in preschool-aged children. Furthermore, prospective, 
large-scale, randomized control trials will be needed to better 
characterize and understand the role of FeNO in the clinical 
care of young children with AR.
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