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Abstract. Allergic rhinitis (AR) is a risk factor for asthma 
development. The value of fractional exhaled nitric oxide 
(FeNO) in detecting lower airway involvement in the prog-
ress of AR‑asthma march has not been evaluated. The aim 
of the present study was to investigate the value of FeNO in 
assessing lower airway inflammation and predicting bron-
chial hyperresponsiveness (BHR) in AR with or without 
asthma. FeNO and eosinophil count in induced sputum, and 
a methacholine bronchial provocation test were performed in 
93 subjects, including: 45 AR patients (AR group); 20 patients 
with AR and asthma (AR with asthma group); and 28 normal 
controls (control group). The AR group was divided into two 
sub‑groups: AR with asymptomatic BHR group and AR 
without BHR group. Correlation between FeNO and eosinophil 
count was assessed. Receiver operating characteristic (ROC) 
curve was applied to evaluate the predictive and diagnostic 
value of FeNO in detecting BHR. The values of FeNO in the 
AR and AR with asthma groups were higher [29.5 (22.0) ppb 
and 61.5 (33.0) ppb] compared with the normal control group 
(16.0  (10.0)  ppb), where the values in brackets  indicate 
the interquartile range of the values. The percentages of 
eosinophils in induced sputum were 2.43±3.56, 7.36±4.98 and 
18.58±11.26% in the control, AR and AR with asthma groups, 
respectively. For the diagnosis of BHR, the area under the curve 
(AUC) was 0.910 (95%CI 0.836, 0.984), with the sensitivity 
and specificity 0.846 and 0.817 when the cut‑off value takes 
31.5 ppb. For diagnosis of asthma, the AUC was 0.873 (95%CI 
0.753, 0.992) with sensitivity 0.857 and specificity 0.847 when 
taking the cut‑off value to be 38.0 ppb. The value of FeNO 
was well correlated with eosinophil count in the sputum. The 

measurement of FeNO is an effective method in detecting 
lower airway involvement in AR developing to asthma.

Introduction

Allergic rhinitis (AR) and asthma are common diseases with an 
increasing prevalence, which, seriously impact the quality of life 
of patients (1). A proportion of AR patients develop asymptom-
atic bronchial hyperresponsiveness (BHR), and finally exhibit 
lower airway symptoms including coughing, wheezing and 
breath tightness, which may develop into asthma. Since is has 
been reported that AR and asthma are associated ‘one airway, 
one disease’ (2), an increasing number of studies have focused 
on the association between these conditions. The epidemiology, 
pathophysiology, anatomy, immunology evidences, the consis-
tent response of upper and lower airways to the treatment of 
steroids (3‑5). Furthermore, international guidelines (ARIA) (6) 
have confirmed the association and impact of them on each other.

Patients suffering from AR without asthma may present with 
elevated lower airway inflammation (7). A number of mechanisms 
have been proposed to underlie the association between AR and 
asthma. One of the these suggests that the inflammation extends 
from upper airway to lower airways (8,9). Various methods 
exist for the assessment of airway inflammations, including 
biopsy, lavage and cytology tests (10). These approaches offer 
sensitivity, but may be invasive or time‑consuming and require 
professional or technical operation (11).

The measurement of fractional exhaled nitric oxide (FeNO) 
is a simple, safe and noninvasive method to detect airway 
inflammation, which is also correlated well with eosinophil 
count and eosinophil cationic protein in induced sputum or 
lavage fluid (12,13). FeNO is a widely used metric for the evalu-
ation and management of airway inflammatory diseases, such 
as asthma; however, the measurement of FeNO as a predictor 
for the diagnosis of BHR or asthma in AR patients has not 
been well investigated. The objective of the present study was 
to evaluate the measurement of FeNO for predicting BHR in 
AR patients asymptomatic for asthma and patients with AR 
combined with asthma.

Materials and methods

Subjects. A total of 102 patients with AR (including AR with 
asymptomatic BHR), normal controls (atopic or non‑atopic) and 
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AR combined with asthma (AR with asthma) that consulted 
the out‑patient department in the First Affiliated Hospital of 
Guangzhou Medical University (Guangzhou, China) were 
recruited between September 2012 and April 2014 (Fig. 1). 
After screening, the subjects were divided into the AR group, 
AR with asthma group and normal control group. The AR 
group was then divided into two sub‑groups: AR with asymp-
tomatic BHR group (AR with BHR) and AR without BHR 
group. The diagnosis of AR and asthma were based on the 
guidelines of ARIA 2010 and GINA 2011 respectively (6,14). 
Inclusion criteria: AR patients (male or female) and AR  
combined with asthma aged 18‑50 years old, with a positive 
skin prick test for at least one type of aerogel allergen. The 
diagnoses of asthma were required to be >3 months and the 
patients were not regularly receiving medication. Exclusion 
criteria: Patients with exacerbation of AR or asthma within four 
weeks; with other respiratory diseases (e.g. chronic obstructive 
pulmonary disease); under the treatment of immunotherapy, 
leukotriene receptor antagonist, antihistamines, oral/inhaled 
corticosteroids or other medicines that may affect the results 
of the study within four weeks prior to the study; pregnant or 
breast‑feeding women.

Study design. The study protocol was registered on 
https://clinicaltrials.gov/ (NCT01963741) and was approved 
by the Ethics Committee of The First Affiliated Hospital 
of Guangzhou Medical University (approval no. 2012‑18). 
Written informed consent was obtained from each participant 
prior to the study.

As shown in Fig.  1, following screening, all enrolled 
patients underwent measurement of FeNO, methacholine 
(Provocholine, Methapharm  Inc., Brantford, ON, Canada) 
bronchial provocation test (Mch‑BPT) and induced sputum. 
Eosinophil count in induced sputum was conducted by routing 
method (15).

Measurements
FeNO. The measurement of FeNO was performed by using 
a NIOX MINO® medical device (Aerocrine AB, Solna, 
Sweden). All procedures met the recommendations of the 
American Thoracic Society and the European Respiratory 
Society (ATS/ERS) on FeNO measurement (16). The normal 
value of FeNO in Guangzhou was 17.7  (6.1)  ppb, 95%CI 
(6.1‑41.0 ppb) (17).

Mch‑BPT. Spirometry and Mch‑BPT were performed using 
a spirometer (Jaeger Masterscreen) and automated APS pro 
system (CareFusion; BD Biosciences, San Diego, CA, USA), 
which meet the joint recommendations of the ATS/ERS (18). 
At least three maneuvers (≤8) were required with the variation 
of forced vital capacity (FVC), and forced expiratory volume 
in 1 sec (FEV1) between the best value best two values <5% 
or 150 ml. FVC and FEV1 reported the best records. The 
predicted values were calculated based on the equation of 
Zheng and Zhong (19). The provocation was performed in a 
stepwise manner with initial and ultimate cumulative doses 
0.390 and 12.520 mmol, respectively.

Sputum induction. Sputum was induced by using 3‑4% 
hypertonic saline nebulized for 10‑20 min. Patients with 

BHR inhaled 200 µg salbutamol through a spacer prior to 
the hypertonic saline nebulization. The induced sputum was 
collected, and the inflammation cells viability was identi-
fied by trypan blue; the sample was considered acceptable 
when the viability of the inflammation cells in the sputum 
was >50% and the ratio of epithelial cells <20% (15). A total 
of 400 non‑epithelial cells were counted under 200  times 
scope of the microscope with HE staining, the percentages of 
eosinophils were reported.

Statistical analysis. Statistical analysis was performed with 
the SPSS  16.0 version package (SPSS, Inc., Chicago, IL, 
USA). Data were expressed as mean ±  standard deviation 
for normally distributed otherwise median [interquartile 
range, M (QR)]. The non‑normal distributed FeNO values 
were log transformed. The comparisons between groups were 
used one‑way analysis of variance. The diagnostic value of 
the FeNO for predicting BHR was revealed by ROC curve in 
AR patients. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Demographic and baseline characteristics. A total of 
102  subjects underwent screening, 93  subjects (45  AR 
patients, 20  AR  with  asthma patients, and 28  normal 
controls) enrolled in this study and included in the analysis. 
The AR group was divided into two sub‑groups: AR with 
asymptomatic BHR group and the AR without BHR group. 
There were no significant differences in baseline demo-
graphic characteristics (Table I). The spirometric parameters 
(FEV1, PEF, MMEF, MEF50% and MEF25% percent predicted) 
in the AR with asthma group were lower compared with that 
in AR and normal control groups with significant differences 
(P<0.05), except FVC percent predicted and FEV1/FVC% 
(P>0.05) (Table I). The duration periods of AR and asthma 
were 7.5  (9.0) and 5.0  (8.0)  years, respectively, in the 
AR with asthma group; and the duration period of AR was 
9.0 (4.5) years in AR group, where the values in brackets 

Figure 1. Patient profiles. FeNO, fractional exhaled nitric oxide; Mch‑BPT, 
methacholine bronchial provocation test AR, allergic rhinitis; BHR, bron-
chial hyperresponsiveness.
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show the interquartile range of the duration of the disease. 
The severities of AR in the AR with asthma groups were 
predominantly moderate to severe.

FeNO levels and diagnostic sensitivity/specificity. The value 
of FeNO was significantly higher in the AR with asthma group 
compared with the AR group, and higher in the AR group 
compared with the control group [61.5 (33.0) vs. 29.5 (22.0) 
vs. 16.0 (10.0) ppb; P<0.05]. The values in bracket indicate 
the interquartile range. The distribution (including the two 
sub‑groups of AR) of FeNO is shown in Fig. 2. An increasing 
trend was observed in the value of FeNO from normal controls 
to AR without BHR, AR + BHR and AR + asthma groups. 

Patients with abnormal FeNO values (>25.0 ppb) were signifi-
cantly more in the AR with asthma group compared with 
the other three groups and subgroups (P<0.05). As shown in 
Fig. 3, receiver operating characteristic curves (ROC) revealed 
a moderately increased screening capability of FeNO for the 
diagnosis of BHR/asthma (AUC, 0.910; 95%CI, 0.836‑0.984) 
compared with for asthma only (AUC, 0.873; 95%CI, 
0.753‑0.992). Furthermore, when taking the cut‑off values at 
31.5 and 38.0 ppb, the sensitivity and specificity values were 
0.750, 0.737 and 0.750, 0.831, respectively.

Eosinophil count. The percentages of eosinophils in induced 
sputum were 0.45±0.73, 4.36±4.76 and 18.58±11.26% in the 

Table I. Demographic and baseline characteristics.

Characteristic	     AR (n=45)	    AR and asthma (n=20)	   Control (n=28)	 P‑value

Age (year)	   27.9±9.8	     33.6±10.1	     30.8±12.1	 >0.05
Gender (male)	    18	    10	     16	 >0.05
Height (cm) 	 163.4±8.3	 162.7±9.1	 164.1±8.2	 >0.05
Weight (kg)	   56.6±9.7	   53.9±7.0	   58.4±8.6	 >0.05
FVC pred (%)	     97.15±11.78	   89.04±9.48	     99.68±13.17	 >0.05
FEV1 pred (%)	     94.56±10.83	   79.07±8.53	   94.97±9.17	 <0.05
FEV1/FVC (%)	   83.15±4.87	     77.35±11.49	   80.70±6.25	 >0.05
PEF pred (%)	     99.48±12.39	     83.70±14.01	   108.61±10.96	 <0.05
MMEF pred (%)	     76.85±14.47	     49.88±15.62	     73.77±18.86	 <0.05
MEF50% pred (%)	     80.19±16.67	     51.67±14.35	     78.95±18.87	 <0.05
MEF25% pred (%)	     73.72±17.23	     48.90±18.71	     66.78±20.88	 <0.05
FeNO (ppb)	     29.5 (22.0)	     61.5 (33.0)	    16.0 (10.0)	 <0.05
EOs in sputum (%)	     4.36±4.76	     18.58±11.26	     0.45±0.73	 <0.05

AR, allergic rhinitis; FVC, forced vital capacity; pred, predicted; FEV, forced expiratory volume in 1 sec; PEF, peak expiratory flow; MMEF, 
maximal (mid‑)expiratory flow; MEF50/25%, maximal expiratory flow at 25/50%; FeNO, fractional exhaled nitric oxide; EOs, eosinophils.
 

Figure 2. Distributions of FeNO in different groups. *P<0.05, compared with the control group; #P<0.05 compared with the AR + asthma group; ×P<0.05 
compared between AR with BHR and the AR without BHR groups. FeNO, fractional exhalation of nitric oxide. FeNO, fractional exhaled nitric oxide; AR, 
allergic rhinitis; BHR, bronchial hyperresponsiveness.
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control, AR and AR with asthma groups, respectively (P<0.05). 
The value of FeNO and the percentages of eosinophils in induced 
sputum correlate well (r=0.70, P<0.01). There is a similar 
trend of the percentage of eosinophils in sputum from normal 
controls to AR without BHR, AR + BHR and AR with asthma 
groups (Fig. 4). The AR without BHR exhibited a significantly 
higher mean percentage of eosinophils compared with the 
AR with BHR group (2.43±3.57 vs. 7.35±4.98%; P=0.047).

Discussion

In the present study, the values of FeNO in the normal 
control group were substantially reduced compared with the 
AR with asthma groups, which was consistent with the count 
of eosinophils in the sputum, suggesting that the value of 
FeNO may be used as an indicator of eosinophil inflamma-
tion in lower airways. The high diagnostic value of FeNO in 
predicting BHR or asthma in AR patients was revealed by the 
ROC curve. When taking the cut‑off value to be 31.5 ppb, the 
sensitivity and specificity were 0.846 and 0.817 for diagnosing 
BHR, while the sensitivity and specificity were 0.857 and 
0.847 for the diagnosis of asthma (cut‑off value, 38.0 ppb). A 
prior study demonstrated that the eosinophil inflammation in 
the lower airways may be correlated with BHR (13), therefore 
it is possible that the measurement of FeNO may predict BHR 
in AR patients with or without asthma, and the present results 
were consistent with previous findings (11,20). Furthermore, 
the measurement of FeNO is non‑invasive, simple, reproduc-
ible and safe. Thus we propose that the measurement of FeNO 
may be used for the early detection of inflammation and BHR 
in AR patients.

In the present study, the median value of FeNO 
[29.5 (22.0) ppb] in the AR group was higher compared with 
the mean value [17.7 (6.1) ppb] of Guangzhou normal adults, 
where the values in bracket are the interquartile range. In 
addition, the FeNO values of 10% (3/30) of AR without BHR 
subjects were higher than the upper limit of normal values 
(ULN; 41.0 ppb) of Guangzhou adults, which suggests that 
even in AR patients without BHR or lower airway symptoms 
there may already detected lower airways inflammation. The 

percentages of subjects with higher FeNO values than the 
ULN values of Guangzhou adults in AR with asymptomatic 
BHR and AR + asthma groups were 60.0 and 65%, increas-
ingly.

As is an independent risk factor of asthma, AR promotes 
the development and affects the control of asthma. It has 
been demonstrated that moderate/severe persistent AR was 
a higher risk factor than seasonal and mild persistent AR 
for AR patients developing asthma  (21). A proportion of 
AR patients experienced AR, AR with asymptomatic BHR, 
then with lower airways symptoms and finally developed to 
asthma. There is a consecutive process in the progression of 
AR into asthma, as previously demonstrated by a long‑term 
follow‑up study (22). This has also been confirmed through 
a retrospectively study (23,24). The present results showed 
that the mean duration of AR was longer than asthma in the 
AR with asthma group, although certain patients reported 
that asthma was diagnosed earlier than AR. Although there 
are different phenotypes of asthma, and not all asthma 
phenotypes are characterized by elevated FeNO levels, 
the measurement of FeNO remained useful for detecting 
BHR in AR, as the majority of atopic asthmatics exhibited 
elevated eosinophilic inflammation and FeNO levels. The 
present findings demonstrated the use of FeNO in detecting 
the consecutive progression of AR to AR with BHR, and 
ultimately to AR with asthma, which supports the hypothesis 
that AR and asthma represent ‘one airway, one disease’. The 
early diagnosis of BHR in AR and resulting early interven-
tion may help to prevent the development of asthma and other 
complications from AR.

Several limitations of the study were considered. Firstly, 
the present study was a cross‑section survey, which can not 
directly demonstrate the process of AR developed to asthma. 
Secondly, the sample size was limited in each group, although 
they were unselected subjects. Thirdly, not all AR patients 
ultimately developed asthma, so prospective studies with dura-
tion and severity classification of AR patients are required.

In conclusion, the present results suggest that FeNO 
measurement, as a simple and effective method of evaluation 
lower airway inflammation, may be employed for predicting 
BHR/asthma in patients with AR, and supervising the consec-
utive process.

Figure 3. Receiver operating characteristic curves of fractional exhaled nitric 
oxide for the diagnosis of BHR or asthma in allergic rhinitis. BHR, bronchial 
hyperresponsiveness.

Figure 4. Eosinophils in induced sputum of different groups. *P<0.05 com-
pared with the control group; #P<0.05 compared with the AR + asthma group; 
×P<0.05 compared between AR with BHR and AR without the BHR groups. 
AR, allergic rhinitis; BHR, bronchial hyperresponsiveness.
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