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Abstract

Objective: There have been few reliable biomarkers to evaluate allergic rhinitis (AR) severity in children. This
study aimed to investigate a biomarker for assessing AR severity in children.

Methods: A total of 107 children with AR (80) and non-allergic rhinitis (NAR, 27) were included in this study. The
fraction of exhaled nitric oxide (FeNO) was measured and AR severity and duration was graded in patients with AR.
We assessed the association between FeNO and the Allergic Rhinitis and its Impact on Asthma (ARIA) classes.

Results: FeNO levels in the AR and NAR groups were 34.7 ± 22.1 and 17.0 ± 13.1 ppb, respectively (p=0.001).
FeNO levels were significantly different (p<0.05) in the four ARIA classes: 14.3 ± 3.7 ppb in the mild intermittent
group, 22.7 ± 4.8 ppb in the mild persistent group, 32.1 ± 16.1 ppb in the moderate-to-severe intermittent group, and
48.2 ± 25.2 ppb in the moderate-to-severe persistent group. We collapsed the 4 ARIA classes into 2 groups based
on severity or duration. FeNO levels of the mild symptom group and moderate-to-severe symptom group were 18.7
± 6.0 and 41.1 ± 23.0 ppb, respectively, which were significantly different (p=0.001). FeNO levels of the intermittent
duration group (n=36) and persistent duration group (n=44) were 26.6 ± 15.9 and 41.2 ± 24.4 ppb, respectively,
which were significantly different (p=0.001).

Conclusion: FeNO levels were higher in children with increased severity and duration of AR. FeNO could be an
indicator for classifying severity and evaluating treatment efficacy in children with AR.
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Introduction
Allergic rhinitis (AR) is an IgE-mediated nasal inflammatory

disorder which has one or more of nasal symptoms including
rhinorrhea, sneezing, itching, and nasal obstruction [1]. The
prevalence of AR has been increasing worldwide over the past 20 yrs
[2]. Some longitudinal studies provide evidence that allergic rhinitis
can be developed in the first years of life and served as a significant risk
factor for the development of asthma [3-5]. However, it is not easy to
distinguish AR from other nasal diseases such as sinusitis or non-
allergic rhinitis (NAR) in young children. In a study with a general
population of Korean children, only about 50% of children who
reported doctor diagnosed AR were proved to having AR by using
questionnaire and skin test [6]. As AR not only causes symptomatic
discomfort, but also reduces the quality of daily life, such as learning
difficulties and sleep disturbances [7], early diagnosis and appropriate
treatment are necessary in children. However, there have been few
reliable biomarkers for evaluating severity as well as monitoring
treatment response in children with allergic rhinitis.

Fractional exhaled nitric oxide (FeNO) is mainly used to diagnose
atopic asthma, particularly as a biological marker for the evaluation of
eosinophilic bronchial inflammation. Previous studies suggested that

FeNO could be used additionally as a diagnostic marker for AR in
children [8,9]. FeNO can be easily measured in young children with
adequate practice. However, it has not been well investigated that
FeNO can predict AR severity in children [8].

Therefore, the objective of this study was to investigate whether
FeNO could be used as an objective parameter for classifying AR
severity in children.

Materials and Methods

Study subjects
Children who presented to the Department of Pediatrics at Inha

University Hospital from 2015 to 2016 with nasal symptoms such as
rhinorrhea, sneezing, nasal obstruction, and nasal itching were
included for this study. However, children who had signs of acute
infection within the past 3 weeks, took regular based anti-allergic
medication, and had asthma symptoms within the past 3 months were
excluded. AR was diagnosed in children with verified sensitization to
any inhalant allergen in antigen-specific IgE tests. Children who had
negative results on antigen-specific IgE tests were diagnosed with
NAR. All subjects with asthma were in a stable state, without asthma
symptoms for at least 2 months. This retrospective study was approved
by the Institutional Review Board of Inha University Hospital
(INHAUH 2016-11-022).
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Study methods
A skin prick test was performed with positive control (1%

histamine), negative control (normal saline), and 27 allergens; house
dust mites (HDM) (Dermatophagoides pteronyssinus,
Dermatophagoides farinae), pollen (tree; Cryptomeria [Japanese
cedar], Pinus [pine], Salix [willow], Acer [maple], Betula [birch],
Quercus [oak], Alnus [alder], Ulmus [elm], weed; Ambrosia
[ragweed], Artemisia [mugwort], Humulus [Japanese hop],
Chenopodiaceae [fat hen], Plantago [plantain], grass; Cynodon
[Bermuda grass], Phleum [timothy grass], Lolium [rye grass], Dactylis
[orchard grass], Poa [meadow grass], Anthoxanthum [vernal grass]),
mold (Penicillatum, Aspergillus, Cladosporium, and Alternaria) and
pet (dog hair and cat fur) [10].

Pulmonary function test was conducted according to the guidelines
of the American Thoracic Society/European Respiratory Society (ATS/
ERS) [11].

Nasal Index Score (NIS) was assessed; each of the 4 symptoms of
nasal obstruction, rhinorrhea, sneezing, and nasal itching was
subjectively assessed according to a grading scale from 0 to 3 (none=0;
mild=1; obvious but tolerable=2; in-tolerable, affecting daily activities
or sleep=3), with total scores ranging from 0 to 12 [12].

The AR patients were divided into the mild intermittent group, the
mild persistent group, the moderate-to-severe intermittent group, and
the moderate-to-severe persistent group based on the Allergic Rhinitis
Impact on Asthma (ARIA) classification [1]. Then, the patients from 4
ARIA classes collapsed into the 2 groups based on severity or duration;
the mild group and the moderate-to severe group, the intermittent
group and the persistent group.

FeNO measurement was obtained using a NIOX MINO device
(Aerocrine AB, Solna, Sweden) according to the ATS/ERS guidelines
[13]. Briefly, patients were asked to avoid food intake or exercise
within 1 h before the measurement, and the test was performed in the
sitting position with a mouthpiece placed in the patient’s mouth. After
the patient inspired until total lung capacity was achieved, the FeNO
level was recorded while the patient steadily exhaled with the target
expiration flow of 50 ml/s until the velopharyngeal aperture was
closed.

Statistical analysis
SAS ver.9.4 (SAS Institute Inc. Cornelius, NC, USA) was used for

statistical analysis. Data were expressed as mean ± standard deviation.
The distribution of the data and homogeneity of variances was checked
before applying parametric tests. The logarithmic value of FeNO was
used to obtain an approximately normal distribution. Wilcoxon signed
rank test were performed to compare FeNO levels between the AR
group and the NAR group. To compare the differences between FeNO
and NIS for each symptom type, a generalized linear model was
performed, after adjusting for sex, age, and presence/absence of
asthma. Additionally, a generalized linear model was used to evaluate
differences in FeNO levels according to symptom severity and duration
based on the ARIA classification.

A p<0.05 was considered to be statistically significant.

Results

Characteristics of the study subjects
Of a total of 107 patients, 80 had AR, including 46 males and 34

females (mean age, 10.1 ± 2.7 yrs), and 27 had NAR, including 9 males
and 18 females (mean age, 9.0 ± 2.9 yrs). There was no significant
difference in age, height, weight, or family history between the AR and
NAR groups. The rate of asthma was higher in the AR group than in
the NAR group (28.8% vs. 11.1%, respectively; p=0.010). The rate of
past atopic dermatitis was also higher in the AR group than in the
NAR group (30.0% vs. 7.4%, respectively; p=0.018). The serum IgE
level was 476.4 ± 352.6 IU/ml in the AR group, which was significantly
higher than that of 71.1 ± 68.9 IU/ml in the NAR group (p=0.001).
FeNO levels in the AR and NAR groups were 34.7 ± 22.1 and 17.0 ±
13.1 ppb (p=0.001). The PFTs showed that the predicted FEV1,
predicted FVC, FEV1/FVC, and FEF 25–75% did not significantly
differ between the 2 groups (Table 1).

Characteristics AR (n=80) NAR (n=27) p value

Sex    

Male 46 9  

Female 34 18  

Age, yr* 10.1 ± 2.7 9.0 ± 2.9 0.082

Height, cm* 141.3 ± 17.7 134.8 ± 16.7 0.076

Weight, kg* 39.9 ± 15.8 33.6 ± 14.2 0.068

Familial history 0.103

Yes 39 (48.8%) 9 (33.3%)  

No 41 (51.2%) 18 (66.7%)  

Past history of AS† 0.01

Yes 30 (37.5%) 3 (11.1%)  

No 50 (62.5%) 24 (88.9%)  

Past history of AD†   0.018

Yes 24 (30.0%) 2 (7.4%)  

No 56 (70.0%) 25 (92.6%)  

Serum IgE, IU/mL* 476.4 ± 352.6 71.1 ± 68.9 0.001

FeNO, ppb* 34.7 ± 22.1 17.0 ± 13.1  

FeNO, ppb** 28.5 [20.0-40.0] 13.0 [12.0-17.0] 0.001

Pulmonary function test    

FEV1, pred %* 98.6 ± 11.1 97.8 ± 11.7 0.791

FVC, pred %* 97.3 ± 12.9 98.1 ± 10.7 0.817

FEV1/FVC %* 101.9 ± 8.0 100.1 ± 7.8 0.397

FEF 25-75%* 87.3 ± 19.7 78.5 ± 20.4 0.11

Table 1: General characteristics of subjects.
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There was no difference in FeNO between the AR patients with
asthma and the AR patients without asthma (p=0.778) (Table 2).

Characteristics AR with AS (n=30) AR without AS (n=50) p value

Serum IgE, IU/mL* 544.8 ± 337.8 445.8 ± 363.5 0.114

FeNO, ppb* 34.7 ± 24.1 34.6 ± 21.1  

FeNO, ppb** 27.5 [19.0-39.0] 29.0 [20.0-41.0] 0.778

Pulmonary function
test    

FEV1, pred %* 96.9 ± 12.0 99.8 ± 10.5 0.565

FVC, pred %* 101.0 ± 13.9 94.7 ± 11.7 0.101

FEV1/FVC %* 96.4 ± 7.2 105.6 ± 6.2 0.002

FEF 25-75%* 74.2 ± 19.0 96.2 ± 14.7 0.001

AR: Allergic Rhinitis; NAR: Non-Allergic Rhinitis; AS: Asthma; AD: Atopic
Dermatitis; FeNO: Fractional Exhaled Nitric Oxide
*Values are presented as mean ± SD.
**Values are presented as median [IQR].

Table 2: Levels of IgE, FeNO, and spirometric parameters in the
children with allergic rhinitis.

NIS and FeNO
In subjects with AR (n=80), FeNO level was 33.9 ± 22.0 ppb in 73

patients with nasal obstruction, 35.2 ± 21.7 ppb in 67 patients with
rhinorrhea, 30.6 ± 17.2 ppb in 48 patients with nasal itching, and 35.4
± 23.8 ppb in 61 patients with sneezing (Table 3).

Levels Symptom

Yes No p value

Nasal obstruction

FeNO, ppb 33.9 ± 22.0 42.1 ± 23.2

Log FeNO 3.4 ± 0.6 3.6 ± 0.6 0.256

Rhinorrhea

FeNO, ppb 35.2 ± 21.7 32.0 ± 24.8

Log FeNO 3.4 ± 0.6 3.3 ± 0.6 0.560

Nasal itching

FeNO, ppb 30.6 ± 17.2 40.7 ± 27.1

Log FeNO 3.3 ± 0.5 3.5 ± 0.6 0.169

Sneezing

FeNO, ppb 35.4 ± 23.8 32.3±15.9

Log FeNO 3.4 ± 0.6 3.3±0.5 0.893

FeNO, fractional exhaled nitric oxide

Values are presented as mean ± SD.

The analyses were adjusted for age, sex, mother’s educational level, and
maternal smoking during pregnancy.

Table 3: FeNO levels according to allergic rhinitis symptom.

Number of symptoms p value

1 or 2 (n=21) ≥ 3 (n=59)

FeNO, ppb 37.8 ± 24.7 33.5 ± 21.2

33.0 (26.0-45.0) 28.0 (20.0-38.0) 0.529

FeNO, fractional exhaled nitric oxide

Values are presented as mean ± SD/median (IQR)

Table 4: FeNO levels according to number of allergic rhinitis
symptoms.

The FeNO level of patients with 1 or 2 symptoms (n=21) was 37.8 ±
24.7 ppb, whereas the FeNO level of patients with ≥ 3 symptoms
(n=59) was 33.5 ± 21.2 ppb, which did not significantly differ
(p=0.529) (Table 4).

There was no significant difference in FeNO level according to the
NIS score for nasal obstruction (parameter estimates=-0.224, p=0.308),
rhinorrhea (parameter estimates=0.092, p=00.589), nasal itching
(parameter estimates=-0.146, p=0.283), or sneezing (parameter
estimates=-0.031, p=0.833). There was no correlation between FeNO
and total NIS score (p=0.943).

Association between AR severity and FeNO
When the FeNO levels were assessed according to AR severity based

on the ARIA classification, FeNO levels were 14.3 ± 3.7 ppb in the mild
intermittent group (n=11), 22.7 ± 4.8 ppb in the mild persistent group
(n=12), 32.1 ± 16.1 ppb in the moderate-to-severe intermittent group
(n=25), and 48.2 ± 25.2 ppb in the moderate-to-severe persistent group
(n=32). The FeNO level was significantly higher in the moderate-to-
severe persistent group than in the mild persistent group (p=0.001)
and in the moderate-to-severe intermittent group (p=0.005).
Furthermore, FeNO was significantly higher in the moderate-to-severe
intermittent group than in the mild intermittent group (p=0.001). The
FeNO level of the mild persistent group was higher than that of the
mild intermittent group (p=0.053) (Figure 1).

For AR symptom severity, FeNO levels significantly differed
between the mild symptom group (n=23, 18.7 ± 6.0 ppb) and the
moderate-to-severe symptom group (n=57, 41.1 ± 23.0 ppb; p=0.001);
a generalized linear model indicated an F-value of 14.05. For AR
symptom duration, FeNO levels significantly differed between the
intermittent duration group (n=36, 26.6 ± 15.9 ppb) and the persistent
duration group (n=44, 41.2 ± 24.4 ppb; p=0.001); a generalized linear
model indicated an F-value of 6.45 (Figure 2).

Discussion
In the present study, FeNO levels were measured to determine its

potential to evaluate symptom severity and duration in children with
AR. This study shows interesting findings. The FeNO level in the
moderate-to-severe symptom group was significantly higher than that
in the mild symptom group. In addition, FeNO level was significantly
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higher in the persistent duration group than that in the intermittent
duration group, which were consistent with an adult study [14].

Figure 1: FeNO levels (ppb) of the mild intermittent group, mild
persistent group, moderate-to-severe intermittent group, and
moderate-to severe persistent group according to ARIA
classification. Values are presented as mean ± standard deviation.
FeNO, fractional exhaled nitric oxide.

Figure 2: FeNO levels according to symptom severity (mild vs.
moderate-to-severe) and duration (intermittent vs. persistent), and
F-values of the 2 factors (severity and duration) with FeNO levels
determined by generalized linear model. Values are presented as
mean ± standard deviation. FeNO, fractional exhaled nitric oxide.

This study results suggest that FeNO level increases with an increase
in severity and duration of AR. In the generalized linear model of
FeNO level with severity and duration, the F-value for severity was
14.05, which was higher than that of 6.45 for duration, thus indicating
that severity is a more dominant factor than duration in determining
FeNO level.

In this study, we determined the NIS by scoring the degree of the
major AR symptoms felt by patients, including nasal obstruction,
watery rhinorrhea, sneezing, and nasal itching, from 0 to 3 points.
There were no differences in FeNO levels according to the type of
symptoms present. In addition, FeNO level did not increase with an

increase in the number of symptoms. There were no significant
differences between FeNO levels and the symptom scores of each
symptom, and there was no correlation between FeNO level and total
NIS score. In contrast to our study, a study with adults found weak
correlations between FeNO levels and the symptoms scores of watery
rhinorrhea, sneezing, and total symptoms [15]. The classification of the
severity of rhinitis can be carried out using simple assessment of visual
analog scale [15]. However, there are few studies evaluating the
association between degree of subjective symptoms and disease
severity in children with AR. We measured the score of children’s
subjective symptoms, not objective measurements. Therefore, we
assume that the degree of symptoms experienced by children does not
reflect AR severity. Thus, treatment response could be monitored by
objective parameters, not by degree of subjective symptoms in children
with AR.

The increased FeNO in patients with AR might reflect inflammation
of lower airway, a feature in the concept of one airway disease [16]. It
was reported that diffusing capacity of NO in the bronchial wall of
patients with AR was high, suggesting subclinical change of bronchial
mucosa in AR [17]. The nasal nitric oxide levels were found to decrease
in children with AR after topical corticosteroids were administered
[18]. This finding is reportedly related to the inhibition of inducible
nitric oxide synthase by the steroid [19] and is also observed in adults
[20].

Because of small samples, children with both AR and asthma were
included for statistical power in this study. FeNO levels could be
reflected by asthma component. However, all children with asthma
were in stable state without regular based medication. There was no
difference in spirometry parameters between the AR and NAR groups.
In addition, there was no difference in FeNO between the AR patients
with asthma and those without asthma. The analyses were adjusted for
asthma. Thus, from our study results of increased FeNO levels in the
more severe AR groups, we suggest that FeNO level could be useful
indicator for monitoring of AR treatment.

In conclusion, FeNO level increased with an increase in severity and
duration of AR and was more reflective of symptom severity than
symptom duration. Based on these results, we suggest that FeNO
measurement might be useful indicator for the evaluation of AR
severity in children. In addition, FeNO level could be a better indicator
than subjective nasal symptom score for evaluation of treatment
response in children with AR.
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