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Abstract: The study aims to investigate nasal and lower airway inflammation in patients with non-allergic rhinitis 
(NAR), and to discuss a method of NAR classification based on inflammatory characteristics and its clinical signifi-
cance. A total of 117 NAR patients admitted to our hospital from June 2010 to June 2011 were enrolled in this study, 
162 healthy participants were employed as healthy controls. Nasal and lower airway inflammation were evaluated 
using the skin prick test, nasal and pulmonary visual analogue scale scoring, cell blood count, nasal douche, in-
duced sputum assay, nasal provocation test, and bronchial provocation test. Compared to the healthy controls, NAR 
patients have significant higher levels of nasal douche eosinophils, more induced sputum eosinophils as well as 
blood eosinophils, and higher rates of nasal and bronchial provocation. Patient with high level of eosinophil in nasal 
douch tended to be with higher concentrations of eosinophils in induced sputum. Scores on the nasal and bronchial 
provocation tests are also correlated to each other. Among all NAR patients, 28 cases (23.9%) were with no abnor-
mality detectable by eosinophil measurement or a provocation test, 39 cases (33.3%) were with elevated levels of 
eosinophils, and 50 cases (42.7%) exhibited a nasal provocation response. Based on this, all studied NAR cases 
were classified into 3 groups: non-specific type (group A, 28/117), increased eosinophil type (group B, 39/117), 
and hyper-reactive type (group C, 50/117). Some NAR cases may be considered as systemic inflammatory disease 
characterized by increased nasal eosinophil and nasal hyperreactivity.
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Introduction

Rhinitis is usually classified into allergic rhinitis 
(AR) or non-allergic rhinitis (NAR), according to 
the skin-prick test (SPT) and/or the presence of 
serum-specific IgE [1]. Due to its high incidence 
globally and its close relationship with lower air-
way inflammation, AR is a hot topic and has 
been widely studied. NAR shares numerous 
traits with AR, i.e. the underlying inflammatory 
mechanism, nasal “entopy” [2] (a local inflam-
matory reaction mediated by IgE), autonomic 
nervous system dysfunction [3] (as manifested 
in sympathetic/parasympathetic nasal innerva-
tion), and sensory hypersensitivity [4]. However, 
relatively few studies were performed on NAR 
regarding the pathogenic mechanism, the char-
acteristics of nasal inflammation, the associat-
ed effects on the lower airway, and the optimal 

diagnosis approach as well as treatment ap- 
proach.

Through a systemic study of the nasal, airway, 
and blood inflammatory indicators in NAR pa- 
tients, the work aimed to figure out the primary 
inflammatory characteristics of NAR. A method 
for NAR classification was also proposed based 
on nasal inflammatory characteristics.

Methods

Patients

This study included 117 NAR patients, 59 males 
and 58 females, newly diagnosed in our outpa-
tient clinic from June 2010 to June 2011. NAR 
was defined as having symptoms of rhinitis (≥ 2 
of the following: sneezing, nasal itch, rhinor-
rhea, and nasal block) along with a negative 
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SPT [5]. An additional 162 participants, 81 ma- 
les and 81 females, were included as healthy 
controls. All subjects provided written informed 
consent.

The exclusion criteria for both groups are listed 
below: 1) with systemic disease, 2) with nasal 
sinus diseases including nasosinusitis, devia-
tion of nasal septum, nasal polyp, and so on, 3) 
with airway inflammation diseases like asthma, 
bronchitis and so on, 4) with long-term/recent 
medication.

Testing method

Each rhinitis patient provided a case history, 
underwent the SPT, and scored their nasal and 
pulmonary symptoms with use of the visual 
analogue scale (VAS). Additional information 
was obtained in the form of a cell blood count 
and via the use of a nasal douche. Each patient 
was also made to undergo the induced sputum, 
nasal provocation, and bronchial provocation 
tests [6]. Patients were required to stop any 
use of antihistamines, glucocorticoids or cold 
medicine one week before the test.

SPT: SPT were performed with use of interna-
tional standard allergens (Alutard® SQ, Den- 
mark ALK-Abello) including 13 types of airborne 
allergens: house dust mites, dust mites, tropi-
cal mites, dog hair, cat hair, pollen group I, pol-
len group IV, German cockroach, American co- 
ckroach, felon herb, ragweed, mold group I, and 
mold group IV. The species included in pollen 
group I were the plane tree, poplar, willow, and 
elm. In pollen group IV, there were spider brake, 
ghee timothy, darnel, and pasture grass. In mo- 
ld group I, there were Alternaria tenuis, Chae- 

where 0 indicates lack of any symptom and 10 
indicates the most severe extent of symptoms.

Nasal douche test: Saline nasal irrigation was 
performed with use of a syringe, and 10 ml of 
irrigation solution (warm 0.9% normal saline) 
were injected into the middle and lower nasal 
meatus (Irrigation was considered thorough if 
there was saline running out from the other 
nostril). The irrigation fluid was recollected with 
a funnel, and irrigation with the fluid in the fun-
nel was repeated 3 times, such that the entire 
irrigation phase lasted approximately 5 min-
utes. Next, we drew out the irrigation fluid. After 
that, the patient was asked to blow his/her 
nose gently to make the remaining fluid com-
pletely collected in the funnel. Then, 5 ml of the 
irrigation fluid was used for testing. After filtra-
tion and centrifugation, the supernatant was 
collected and stored at -80°C for further use.

In this study, the cell sediments were stained by 
hematoxylin and eosin (H&E). For the test, 20 μl 
of the cell sediments were smeared onto a slide 
and the slide was observed with use of a micro-
scope under a 200× magnification field. The 
total number of inflammatory cells (e.g., eosi- 
nophils and macrophages) was determined us- 
ing the absolute value for eosinophil-related 
calculations.

Induced sputum test: The patient was asked to 
inhale ultrasonic nebulized 3% hypertonic 
saline for 10 minutes, and then cough forceful-
ly to get sputum out. If failed, the patient contin-
ued the ultrasonic nebulization for another 5 
minutes. A sample of sputum with high density 
and viscosity was obtained using flat tweezers, 

Table 1. Nasal inflammation in NAR patients
Nasal provocation 

(%)
Nasal douche eosino-

phils (numbers)
NAR group (N = 117) 65.8 (77/117) 3.98±8.36
Control group (N = 162) 32.1 (52/162) 0.41±1.27
P value < 0.0001 < 0.0001

Table 2. Inflammation of the lower airway and blood among 
NAR patients

Bronchial 
provocation (%)

Induced sputum 
eosinophils (%)

Blood eo-
sinophils (%)

NAR group (n = 117) 10.3 (12/117) 1.37±1.43 3.14±2.93
Control group (n = 162) 1.2 (2/162) 0.81±1.44 1.81±1.22
P value 0.001 < 0.0001 < 0.0001

tomium globosum, mixed Clado- 
sporium, and Fusarium verticilli-
oides. In mold group IV, there 
were blue mold, Penicillium expan- 
sum, and Penicillium notatum. 
The prick test was performed in 
each case by a professional who 
adhered strictly to the protocol 
received with the ALK prick-test 
solution. The test results were 
obtained 15 min after the prick. It 
was considered positive if there 
was a pale yellow skin papule 
with erythema around it.

Nasal and pulmonary symptoms 
were scored according to the VAS. 
The score is ranged from 0 to 10, 
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and dissolved in solution of 0.1% 
DTT at a 1:5 volume ratio. Sam- 
ples were shaken and then pla- 
ced in 37°C water bath for 10 
min. Impurities were filtered using 
a mesh screen. After centrifuga-
tion, the supernatant was colle- 
cted and stored at -80°C for fur-
ther use. The cell sediments we- 
re stained by H&E and smeared 
onto slides. The slides were read 
at 400× magnification. The pro-
portion of each type of inflamma-
tory cell (eosinophils, macroph- 
ages, lymphocytes, and neutro-
phils) in a 200-cell sample was 
determined.

Figure 1. A. Nasal douche of NAR group (H&E staining ×200); B. Nasal douche of control group; C. Induced sputum 
of NAR group; D. Induced sputum of control group; The arrows show eosinophils.

Figure 2. Correlation between nasal 
douche and induced sputum eosino-
phils.
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Nasal provocation test: This test was perfor- 
med to measure the resistance of the patient’s 
bilateral nasal airway. A solution of 0.1 mg/ml 
histamine was sprayed onto both inferior turbi-
nates, one spray on each side. The resistance 
encountered was measured and recorded. If 
nasal airway resistance had increased by ≥ 
100%, the test was considered as positive and 
terminated. If not, solutions of increasing hista-
mine concentration (0.2, 0.4, and 0.8 mg/ml) 
were administered. If a positive standard had 
not been reached with the highest concentra-
tion of 0.8 mg/ml, the nasal provocation test 
was judged as negative. The nasal provocation 
test results were assigned 5 grades according 
to the concentration that provoked a positive 
result. Total nasal resistance (TNR) was mea-
sured by calculating the resistance of each nos-
tril separately (P/V): TNR = Right NR × Left NR/
(Right NR + Left NR), as previously described.

Bronchial provocation test: In order to measu- 
re basic pulmonary function, the patient was 
asked to inhale 0.1 μmol methacholine. If the 
final expiratory volume was reduced by ≥ 20% 
of the basic value, the bronchial provocation 
test was judged as positive. If not, a series of 
increasing concentrations was administered, 
and the cumulative dosages administered were 

ps. A difference was considered statistically 
significant with a P value < 0.05. All the statisti-
cal tests were two-sided.

Results

Nasal and lower airway inflammatory charac-
teristics of NAR patients

The nasal douche eosinophil number, induced 
sputum eosinophil proportion, blood eosinoph- 
il proportion, nasal provocation positive ratio, 
and bronchial provocation positive ratio were 
all significantly higher in the NAR group than in 
the control group (P < 0.05), as presented in 
Tables 1, 2 and Figure 1.

Relationship of nasal and lower airway inflam-
mation in NAR patients

There was a positive correlation between nasal 
douche eosinophil numbers and the proportion 
of eosinophils in induced sputum (r = 0.531, P 
< 0.0001, Figure 2). However, there was no 
relationship between the number of nasal do- 
uche eosinophils and bronchial provocation (P 
> 0.05). There was a correlation between nasal 
provocation and bronchial provocation results 
(r = 0.190, P = 0.040).

Figure 3. Correlation between numbers of eosinophils in nasal douche and 
blood.

0.4, 1.6, 3.2, 6.4, and 12.8 
μmol. If the positive standard 
had not been achieved with a 
cumulative dosage of 12.8 μm- 
ol, the bronchial provocation 
test was judged as negative. 
The bronchial provocation test 
results were stratified into 6 
groups.

Statistical analysis

All the data are shown as mean 
± standard deviation (X ± SD). 
Data arrangements and analy-
sis were done using the statisti-
cal software SPSS 13.0. The 
relationship between 2 varianc-
es was studied via relevance 
analysis, t-test was applied to 
compare the results of the 2 
groups, Fisher’s exact test was 
used to compare the positive 
rates, and one-way variance an- 
alysis was performed to com-
pare the results among 3 grou- 
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Relationship between nasal douche and blood 
eosinophil levels

There was a positive correlation between the 
number of eosinophils in nasal douche and in 
the blood (r = 0.334, P < 0.0001, Figure 3). 
There was no relationship between nasal prov-
ocation test results and the proportion of eo- 
sinophils found in blood during the inflamma-
tory response (P > 0.05).

NAR classification based on the characteristics 
of nasal inflammation

The characteristics of nasal inflammation var-
ied among NAR patients. Some had increased 
eosinophil populations, some were hyperreac-
tive, and others exhibited neither of these 
abnormalities. Therefore, we classify NAR pa- 
tients into 3 groups: Group A, nonspecific NAR 
(nasal douche eosinophils are not increased 
and negative nasal provocation results); Group 
B, high-eosinophil NAR (increased nasal dou- 
che eosinophils and positive or negative nasal 
provocation results); and Group C, hyper-reac-
tive NAR (no increase in nasal douche eosino-
phil levels; positive nasal provocation results).

The nasal, lower airway, and blood indicators in 
the control and 3 NAR groups are presented in 
Table 3. Compared to other groups, the high-
eosinophil NAR group exhibited a larger propor-
tion of eosinophils in the blood as well as in 
induced sputum (P < 0.01, Figures 4, 5). In this 
group, there was a correlation between the 
nasal and bronchial provocation test results (r 
= 0.356, P = 0.026). Nasal VAS scores were sig-
nificantly lower in the nonspecific NAR group 
than in other 2 NAR groups (P < 0.05, Figure 6).

Table 3. Relative nasal, lower airway, and blood inflammatory indicators in each NAR subgroup and in 
control group

Blood eosino-
phils (%) Nasal VAS Pulmonary 

VAS 
Induced sputum 
eosinophils (%)

Positive results on the bron-
chial provocation test (%)

Nonspecific NAR 1.86±2.09 5.00±1.83 0.61±1.69 0.92±0.93 7.14 (2/28)
High-eosinophil NAR 4.49±3.13 6.10±2.12 1.18±2.25 2.24±1.64 10.26 (4/39)
Hyperreactive NAR 2.80±2.79 6.27±2.01 0.82±2.24 0.94±1.17 12 (6/50)
Control group 1.81±1.22 - - 0.81±1.44 1.2 (2/162)

Figure 4. Comparison of induced sputum eosinophils 
among the groups (*P < 0.05, **P < 0.01).

Figure 5. Comparison of blood eosinophil levels 
among the groups (*P < 0.05, **P < 0.01).

Figure 6. Nasal symptom VAS scores in all groups.
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Discussion

Previous reserch has proved that NAR shared 
some common mechanism with AR, like the 
increased nasal mucosa IgE [7, 8]. Patients in 
one study can converted from NAR to AR [9]. In 
our study, another similar but different eosino-
phil changes between NAR and AR was re- 
vealed. Compared to AR characterized by high 
eosinophil levels, only 33.3% of NAR patients 
showed locally increased eosinophil. In addi-
tion, our previous study has proved that NAR 
differed from AR in the age and season of 
onset, clinical symptoms, number of nasal eo- 
sinophils, and total blood IgE [8]. These findings 
proved that NAR and AR differs in terms of 
pathogenesis.

Except for the nasal douch, the increased 
eosinophils in sputum and blood as well as the 
airway provocation indicates that NAR is also a 
systemic inflammatory disease involving the 
lower-airway. Hence, we speculated that both 
the eosinophil number and airway hyperactivity 
could be used to indicate NAR. Unlike the con-
sistency of eosinophils in nasal, lower airway 
(sputum), and blood, the correlation between 
eosinophils and lower-airway hyperactivity was 
indefinite. Therefore, we classified the NAR into 
3 groups: nonspecific NAR (Group A), high-
eosinophil NAR (Group B), and hyper-reactive 
NAR (Group C).

Compared to the ARIA classifications according 
to pathological etiology, i.e. infectious, drug-
induced, etc., our classification is based on 
pathological mechanism and facilitates the 
diagnosis and therapy. Group B, similar to AR, is 
the sub-type of allergic airway inflammation 
with or without hyperactivity, which could be 
treated by intranasal corticosteroids. Group C, 
a kind of airway neurogenic inflammation, is the 
sub-type of nasal cavity hyperresponsiveness 
without allergic airway inflammation, which 
could be treated by drugs reducing hyperre-
sponsiveness. Group A is an atypical sub-type, 
which needs further investigation to elucidate 
the characteristics.

Althoug several study has showed that NAR is a 
risk factor for asthma and chronic bronchitis 
[10], the pathogenesis and its influence on the 
lower airway did not get full consideration 
before. The prospective design is also an ad- 
vantage of the current study.

In summary, NAR is in some cases not a local 
inflammation of the nasal mucosa, but a sys-
temic inflammatory disease. The classification 
of NAR based on eosinophil level and airway 
hyperactivity is helpful to diagnosis and treat-
ment, althoug further study is needed to reveal 
the pathogenic mechanisms of non-specific 
NAR.
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