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Abstract
Background: A hallmark of eosinophilic chronic rhinosinus-
itis with nasal polyps (eCRSwNP) is mucosal eosinophil-pre-
dominant inflammation. Nasal nitric oxide (nNO) is a known 
biomarker of eosinophilic inflammation in the upper airway. 
However, the utility of nNO measurement in the upper air-
way remains controversial. The present study aimed to com-
pare the use of other clinical parameters with nNO to predi-
agnose patients with eCRSwNP from Central China. Meth-
ods: From June 2019 to December 2019, 70 patients with 
CRSwNP undergoing endoscopic sinus surgery and 30 
healthy subjects were enrolled. nNO measurements were 
performed in all of these subjects. Computed tomography 
scans, full blood count with differential analysis, and deter-

mination of total immunoglobulin E (total IgE) and plasma 
cytokines were performed before surgery. Receiver operat-
ing characteristic curves and logistic regression analysis 
were used to assess the predictive potential of the clinical 
parameters. Results: We recruited 24 patients with eCRSwNP 
and 46 with noneosinophilic CRSwNP (non-eCRSwNP). In pa-
tients with eCRSwNP, nNO levels were significantly higher 
than those in patients with non-eCRSwNP (p < 0.0001). Blood 
eosinophil percentages and counts, total IgE, and CT-de-
rived ethmoid sinus and maxillary sinus ratio (E/M ratio) were 
all significantly higher compared with those in patients with 
non-eCRSwNP (p < 0.05). To diagnose eCRSwNP, the highest 
area under the curve (0.803) was determined for nNO. At a 
cutoff of >329 parts per billion (ppb), the sensitivity was 
83.30% and the specificity was 71.70%. However, the levels 
of plasma cytokines Th1/Th2 were not significantly different 
between the histological types of CRSwNP (p > 0.05). Con-
clusion: Measurement of nNO is useful for the early diagno-
sis of eCRSwNP. © 2020 S. Karger AG, Basel
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSwNP), a 
chronic inflammatory disease occurring in the nasal-pa-
ranasal mucosa, is frequently encountered in the Depart-
ment of Otolaryngology [1]. Its main symptoms include 
nasal congestion, anterior or posterior rhinorrhea, sense 
of olfaction, and facial pain/pressure, which last for at 
least 12 weeks and have a considerable impact on the pa-
tients’ quality of life [2]. Several studies have shown that 
immune responses in patients with CRSwNP can vary 
across different geographical areas and populations with 
distinct racial backgrounds [3]. In Western populations, 
>80% of CRSwNP present with marked eosinophil-asso-
ciated nasal mucosal inflammation [4], while over 50% of 
patients with CRSwNP in East Asia present with noneo-
sinophilic inflammation [5, 6]. This heterogeneity allows 
CRSwNP to be divided into 2 distinct endotypes, namely, 
eosinophilic CRSwNP (eCRSwNP) and noneosinophilic 
CRSwNP (non-eCRSwNP) based on the degree of eosin-
ophil infiltration in polyp pathological sections [7, 8]. The 
clinical features of patients with eCRSwNP include good 
steroid responsiveness, olfactory dysfunction, comorbid 
asthma, and high recurrence rate after surgery [9–11]. 
However, recent studies have found that the prevalence 
of eCRSwNP in East Asia has increased significantly in 
the past 20 years [12, 13]. Currently, eCRSwNP is the pre-
dominant CRSwNP subtype in Beijing, China [14]. Be-
sides, over time, there has been a significant increase in 
eosinophilic inflammation associated with increased IgE 
production and Th2 response in patients from Central 
China with CRSwNP [15]. Therefore, to determine prog-
nosis and long-term management strategies, Chinese rhi-
nologists need to discriminate the phenotypes of patients 
with CRSwNP early.

NO synthase (NOS) synthesizes nitric oxide (NO) 
from L-arginine and oxygen [16]. NO is produced mainly 
in the upper airway, especially in the paranasal sinus mu-
cosa. NO plays a role in several different physiological 
and pathophysiological processes, including regulation 
of immunity, inflammation, blood flow, platelet function, 
and neurotransmission [17]. However, abnormal levels of 
NO are closely related to respiratory diseases [18]. Ac-
cording to clinical need, NO measurement can be divided 
into 2 categories. First, nasal NO (nNO) is collected from 
the upper airway using air exhaled from the nostrils. Sec-
ond, to determine the NO levels in the lower airway, frac-
tional exhaled NO (FeNO) is measured. Measurement of 
FeNO is an essential objective method to evaluate eosino-
philic airway inflammation and is used for the diagnosis 

and management of asthma [19]. Rhinosinusitis status is 
believed to affect nNO levels, which are suggested to be 
involved in modulating cilia beating [20]. Thus, primary 
ciliary dyskinesia can be screened using nNO levels [21]. 
In addition, because nNO levels correlate well with symp-
tom severity and radiographic staging, they have been 
used as a postoperative biomarker after sinus surgery for 
chronic rhinosinusitis (CRS) [22].

However, further research is required to develop nNO 
as a clinical marker of upper airway diseases. There are 
some limitations in the measurement of nNO that hinder 
its clinical application. First, in contrast to FeNO, re-
searchers have not reached a consensus on the normal 
reference range of nNO. Second, nNO can be affected by 
various external and internal factors, making it less stable 
than FeNO. Previously, researchers have been exploring 
the changes in nNO levels in patients with CRSwNP. 
There is no doubt that nNO measurement will become an 
objective tool for diagnosing and monitoring patients 
with CRSwNP. However, few researchers have focused 
on the role of nNO detection in identifying different 
pathological types of CRSwNP. Thus, the present study 
aimed to explore the role of nNO detection in the diagno-
sis of eCRSwNP among patients from Central China with 
different types of CRSwNP, in comparison with other 
clinical data, to provide a guide for the clinical application 
of nNO levels.

Patients and Methods

Subjects
We conducted a cross-sectional, single-center study using data 

acquired from patients with CRSwNP, who had been subjected to 
endoscopic sinus surgery (ESS) between June 2019 and December 
2019 at Renmin Hospital of Wuhan University. Thirty normal adult 
volunteers served as controls during the same period. In accordance 
with the diagnostic criteria recommended by the European Position 
Paper on Rhinosinusitis and Nasal Polyps [23], 70 patients were di-
agnosed with CRSwNP. The exclusion criteria comprised the fol-
lowing: the use of specific medications within 4 weeks before the 
inclusion visit (antibiotics, nasal rinsing, leukotriene receptor an-
tagonists, antihistamines, and oral or local corticosteroids), system-
ic diseases that affect the nose (e.g., aspirin-exacerbated respiratory 
disease, Wegener granulomatosis primary ciliary dyskinesia, cystic 
fibrosis, and coagulation disorder), children under 18 years of age, 
significant psychological problems, pregnancy, lactation, and those 
unable to comply with the study protocol. Patients whose postop-
erative pathology report revealed fungal nasal-sinusitis, classic al-
lergic fungal sinusitis, and nasal and paranasal sinus tumors were 
also excluded. The Ethics Committee of Renmin Hospital of Wuhan 
University approved this study, which was performed in accordance 
with the Helsinki Declaration. Written informed consent was pro-
vided by all subjects before data collection.
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Evaluation of Clinical Characteristics Preoperatively
Demographic data on patient sex, age, asthma, or allergic rhi-

nitis were recorded as potential medical variables before surgery, 
and a senior otolaryngologist evaluated preoperative computed to-
mography (CT) scans in a blinded manner using the Lund-Mack-
ay system to record sinusitis severity. Before ESS, the patients were 
subjected to routine peripheral blood tests (eosinophil percent and 
count), cellular immunoassays (plasma levels of Th1 cytokines [in-
terleukin (IL)-2, tumor necrosis factor-alpha (TNF-α), interferon 
gamma (IFN-γ)], and Th2 cytokines [IL-4, -5, -6, and -10]), and 
assays for total IgE levels. We also assessed blood eosinophils of 
normal controls.

Nasal Nitric Oxide Measurement
To exclude the effects of other factors, such as time of day, diet, 

and sport, nNO was measured between 9 and 11 a.m. Before mea-
surement, subjects rested for at least 30 min. In addition, the sub-
jects were instructed not to eat nitrogen-rich food (e.g., animal 
offal, lettuce, spinach, and sausage) or use nasal decongestants 
within 1 h before the examination. A nanocoulomb nitric oxide 
analyzer (Sunvou, Wuxi, China) was used to measure the nNO 
levels. NO measurements were performed for all included partici-
pants based on the American Thoracic Society/European Respira-
tory Society guidelines [24]. In brief, a nasal olive was placed firm-
ly in the nostrils and connected to the device through a central 
lumen. Subjects were asked to breathe normally. The aspiration 
flow rate was set at 5 mL/s. The nNO levels were measured con-
tinuously 3 times, and the mean of the 3 values was used for anal-
ysis.

Histological Examination
During ESS, tissue samples were obtained from all subjects, 

which were subjected to histological evaluation using standard 
techniques. Hematoxylin and eosin (H&E) staining was performed 
on 5-µm-thick sections, which were then observed under a light 
microscope at a ×400 magnification. All infiltrated inflammatory 

cells (lymphocytes, plasma cells, neutrophils, and eosinophils) 
were counted in 5 randomly selected high-magnification fields. 
The patients were classified as suffering from eCRSwNP when eo-
sinophils were observed to comprise ≥10% of the total infiltrating 
cells; otherwise, they were classified as non-eCRSwNP (Fig. 1) [25].

Analysis of Statistical Data
SPSS software, version 24.0 (IBM Corp., Armonk, NY, USA), 

was used to perform all the statistical analyses. Data are presented 
as arithmetical mean values with standard deviation (SD). The sta-
tistical significance of differences was evaluated using an indepen-
dent sample t test. The χ2 test was used to evaluate the constituent 
ratios in both groups. As a widely used metric to assess clinical 
parameters’ predictive values, receiver operating characteristic 
(ROC) curves were plotted to find the best cutoff point by calculat-
ing the sensitivity and specificity of the predictor. The Youden in-
dex, using the area under the ROC curve (AUC), could determine 
the diagnostic utility of each predictor.

Results

Subject Characteristics
In total, 70 patients with CRSwNP and 30 healthy con-

trols were willing to participate in this study. Based on the 
histopathological examination, 24 patients were classified 
as the eCRSwNP group and 46 patients were classified as 
the non-eCRSwNP group. The 2 patient groups had a 
similar smoking history, sex ratio, and age distribution; 
however, the total IgE, history of asthma, and the blood 
eosinophil count and percentage were significantly high-
er in the eCRSwNP group compared with those in the 
non-eCRSwNP group. Table 1 shows the clinical and de-

ba

Fig. 1. Histological assessment of nasal polyps in eCRSwNP (a) and non-eCRSwNP (b). H&E staining. ×400. In 
eCRSwNP, infiltration of a large number of eosinophils under the mucosa was observed. eCRSwNP, eosino-
philic chronic rhinosinusitis with nasal polyps; non-eCRSwNP, noneosinophilic chronic rhinosinusitis with 
nasal polyps.
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mographic characteristics of the 2 groups of patients and 
healthy subjects.

Levels of Plasma Cytokines of Th1/Th2 Cells in 
Patients
Levels of plasma IL-2 (2.46 ± 0.65 vs. 2.29 ± 0.53 pg/

mL; p = 0.259), IL-4 (2.74 ± 0.78 vs. 2.61 ± 0.78 pg/mL;  
p = 0.522), IL-5 (2.13 ± 0.62 vs. 1.89 ± 0.48 pg/mL; p = 
0.100), IL-6 (5.31 ± 2.19 vs. 4.18 ± 1.85 pg/mL; p = 0.220), 
IL 10 (4.21 ± 1.56 vs. 3.67 ± 1.13 pg/mL; p = 0.430), TNF-α 

(2.94 ± 1.29 vs. 3.06 ± 1.64 pg/mL; p = 0.754), and IFN-γ 
(2.51 ± 0.84 vs. 2.71 ± 1.25 pg/mL; p = 0.471) were not 
significantly different between the 2 groups (Table 2).

Nasal NO Levels in the Groups
The average nNO levels were 469.8 ± 147.3 parts per 

billion (ppb) in healthy subjects, 341.8 ± 222.1 ppb in pa-
tients with CRSwNP, 268.9 ± 162.6 ppb in the non-
eCRSwNP group, and 481.6 ± 255.5 ppb in the eCRSwNP 
group. Thus, we found that nNO levels in the CRSwNP 
group were significantly lower than those in the healthy 
group (p = 0.005) (Fig.  2a). The nNO levels in the 
eCRSwNP group were significantly higher than those in 
the non-eCRSwNP group (p < 0.0001). The non-
eCRSwNP group showed significantly lower mean nNO 
levels compared with those in the healthy group (p < 
0.0001). However, the nNO levels were not significantly 
different between the eCRSwNP group and the healthy 
controls (p = 0.833) (Fig. 2b).

Analysis by Logistic Regression
To identify the independent predictive factors associ-

ated with eCRSwNP, the stepwise forward method of lo-
gistic regression analysis was conducted based on a com-
parison between the 2 groups. Variables showing signifi-
cant differences between the 2 subtypes were added into 

Table 1. The demographic and clinical features of eCRSwNP patients and healthy subjects

Normal eCRSwNP Non-eCRSwNP p value p value
(n = 30); 1 (n = 24); 2 (n = 46); 3 (1 vs. 2) (2 vs. 3)

Male/female 18/12 14/10 29/17 0.901 0.701
Age, years 38.5±14.7 39.3±12.7 42.6±15.6 0.872 0.340
Smoking, n (%) 4 (13.3) 4 (16.7) 11 (23.9) 0.732 0.483
Allergic rhinitis, n (%) 0 (0) 2 (8.3) 3 (6.5) 0.193 0.950
Asthma, n (%) 0 (0) 4 (16.7) 1 (2.2) 0.034 0.025
EOS count (×109/L) 0.15±0.10 0.32±0.20 0.19±0.16 0.001 0.011
EOS percentage, % 2.9±2.1 5.2±3.4 3.1±2.2 0.006 0.011
Total IgE, IU/mL – 148.8±180.3 85.1±204.6 – 0.002
Maxillary sinus score – 2.29±0.86 2.52±0.98 – 0.336
Posterior ethmoid score – 2.63±0.97 2.13±1.05 – 0.059
Anterior ethmoid score – 2.58±1.06 2.00±1.08 – 0.034
OMC score – 2.21±1.62 2.33±1.22 – 0.764
Sphenoid sinus score – 1.38±1.53 1.39±1.39 – 0.964
Frontal sinus score – 1.29±1.49 1.72±1.62 – 0.286
Total score – 12.38±5.39 12.02±5.15 – 0.766
E/M ratio – 2.59±1.54 1.87±1.17 – 0.033

eCRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; non-eCRSwNP, noneosinophilic chronic rhinosinusitis with nasal 
polyps; EOS percentage, blood eosinophil percentage; EOS count, blood eosinophil count; Total IgE, total immunoglobulin E; OMC, 
osteomeatal complex; E/M ratio, ratio of the computed tomography scores for the ethmoid sinus and maxillary sinus.

Table 2. Levels of plasma cytokines (pg/mL) of Th1/Th2 cells in patients

Cytokines eCRSwNP Non-eCRSwNP p value

IL-2 2.46±0.65 2.29±0.53 0.259
IL-4 2.74±0.78 2.61±0.78 0.522
IL-5 2.13±0.62 1.89±0.48 0.100
IL-6 5.31±2.19 4.18±1.85 0.220
IL-10 4.21±1.56 3.67±1.13 0.430
TNF-α 2.94±1.29 3.06±1.64 0.754
IFN-γ 2.51±0.84 2.71±1.25 0.471

eCRSwNP, eosinophilic chronic rhinosinusitis with nasal pol-
yps; non-eCRSwNP, noneosinophilic chronic rhinosinusitis with 
nasal polyps; IL, interleukin; TNF-α, tumor necrosis factor-alpha; 
IFN-γ, interferon gamma.
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the model, e.g., the nNO level, blood eosinophil percent-
age and count, total IgE, and E/M ratio. Binary logistic 
analysis showed that eCRSwNP was associated signifi-
cantly with the nNO level (p = 0.002; odds ratio [OR] = 
1.737; 95% confidence interval [CI] = 1.025–2.942) and 
E/M ratio (p = 0.040; OR = 1.007; 95% CI = 1.002–1.011) 
(Table 3).

ROC Curve Evaluation
Table  4 shows the ROC curve analysis and AUC of  

factors associated with eCRSwNP. As a predictor for 
eCRSwNP (AUC = 0.803), the nNO level was highly ac-
curate (Fig. 3).

Combination model 1 showed an AUC of 0.871, indi-
cating that this model was the most accurate. However, at 
0.749, the AUC of model 2 was not so accurate for 
eCRSwNP than that of nNO (Fig. 4).

Optimal Cutoff Point Determination
Table 5 shows the sensitivity and specificity, as well as 

the corresponding best cutoff point, for each predictor. 
To discriminate patients with eCRSwNP from those with 
non-eCRSwNP, the cutoffs, sensitivity, and specificity for 
each predictor were analyzed as follows: nNO: cutoff val-
ue = 329 ppb, sensitivity = 83.3%, specificity = 71.7%;  

total IgE: cutoff value = 105 IU/mL, sensitivity = 58.3%, 
specificity = 91.3%; blood eosinophil count: cutoff val- 
ue = 0.2 × 109/L, sensitivity = 70.8%, specificity = 67.4%; 
blood eosinophil percentage: cutoff value = 3.2%, sensi-
tivity = 66.7%, specificity = 67.4%; and E/M ratio: cutoff 
value = 2.0, sensitivity = 50.0%, specificity = 79.2%.
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Fig. 2. The comparision of nNO levels between different groups. a Comparison of nNO levels between the nor-
mal and CRSwNP groups. b Comparison of nNO levels between the normal group and the different pathological 
types of CRSwNP groups. nNO, nasal nitric oxide; CRSwNP, chronic rhinosinusitis with nasal polyps; eCRSwNP, 
eosinophilic chronic rhinosinusitis with nasal polyps; non-eCRSwNP, noneosinophilic chronic rhinosinusitis 
with nasal polyps.

Table 3. Logistic regression analysis for identifying factors 
associated with eCRSwNP

Variables OR 95% CI p value

nNO 1.737 1.025–2.942 0.002
Total IgE 1.001 0.999–1.004 0.282
EOS count 1.232 0.732–2.886 0.320
EOS percentage 1.561 0.814–2.995 0.180
PE score 1.090 0.531–2.240 0.814
E/M ratio 1.007 1.002–1.011 0.040

eCRSwNP, eosinophilic chronic rhinosinusitis with nasal pol-
yps; CI, confidence interval; OR, odds ratio; nNO, nasal nitric ox-
ide; total IgE, total immunoglobulin E; EOS percentage, blood eo-
sinophil percentage; EOS count, blood eosinophil count; PE, pos-
terior ethmoid; E/M ratio, ratio of the computed tomography 
scores for the ethmoid sinus and maxillary sinus.

D
ow

nl
oa

de
d 

by
: 

K
un

gl
ig

a 
T

ek
ni

sk
a 

H
og

sk
ol

an
   

   
   

   
   

   
   

   
   

 
13

0.
23

7.
37

.1
43

 -
 1

2/
1/

20
20

 4
:5

2:
43

 A
M



Lv/Liu/Xiang/Zhang/Chen/Kong/XuInt Arch Allergy Immunol 2020;181:853–861858
DOI: 10.1159/000509211

Discussion

Recently, the conception of precision medicine has 
promoted the in-depth study of the heterogeneity of 
CRSwNP, which can be classified as non-eCRSwNP or 

eCRSwNP. This classification is based on the percentage 
or absolute numbers of eosinophils in the nasal mucosa 
and the different responses to surgical and medical inter-
vention [7, 26]. For the diagnosis of eCRSwNP, patho-
logical evaluation remains the gold standard test; how-
ever, this is not applicable to patients who desire to non-
surgical treatment. Besides, the invasiveness and 
relatively high cost of this technology cannot be ignored. 
Thus, reliable and feasible biomarkers to identify sub-
types of CRSwNP are clearly required. Successful identi-

Table 4. ROC curve analysis of factors associated with eCRSwNP

Predictors AUC 95% CI p value

nNO 0.807 0.700–0.915 0.000
Total IgE 0.749 0.624–0.874 0.001
EOS count 0.694 0.562–0.826 0.008
EOS percentage 0.690 0.556–0.824 0.010
E/M ratio 0.667 0.538–0.795 0.023
Model 1 0.871 0.783–0.960 0.000
Model 2 0.749 0.627–0.871 0.001

eCRSwNP, eosinophilic chronic rhinosinusitis with nasal pol-
yps; AUC, area under the ROC curve; nNO, nasal nitric oxide;total 
IgE, total immunoglobulin E; EOS percentage, blood eosinophil 
percentage; EOS count, blood eosinophil count; E/M ratio, ratio of 
the computed tomography scores for the ethmoid sinus and max-
illary sinus; model 1, the combination model of 5 predictors (nNO, 
total IgE, EOS count, EOS percentage, and E/M ratio); model 2, the 
combination model of 4 predictors (nNO, total IgE, EOS count, 
EOS percentage, and E/M ratio).
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Fig. 3. ROC curves of predictive factors. ROC, receiver operating 
characteristic curves; nNO, nasal nitric oxide; total IgE, total immu-
noglobulin E; EOS percentage, blood eosinophil percentage; EOS 
count, blood eosinophil count; E/M ratio, ratio of the computed to-
mography scores for the ethmoid sinus and maxillary sinus.

Fig. 4. ROC curves of model 1 (nNO included, blue line) and mod-
el 2 (nNO excluded, red line). ROC, receiver operating character-
istic curves; nNO, nasal nitric oxide.

Table 5. Sensitivity and specificity of clinical markers at the best 
cutoff point

Predictors Cutoff point Sensitivity Specificity

nNO 329 0.833 0.717
Total IgE 105 0.583 0.913
EOS count 0.2 0.708 0.674
EOS percentage 3.2 0.667 0.674
E/M ratio 2 0.500 0.792

nNO, nasal nitric oxide; total IgE, total immunoglobulin E; 
EOS percentage, blood eosinophil percentage; EOS count, blood 
eosinophil count; E/M ratio, ratio of the computed tomography 
scores for the ethmoid sinus and maxillary sinus.
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fication of eCRSwNP biomarkers would facilitate subse-
quent clinical management of the disease.

The detection of nNO is a noninvasive, fast, safe, and 
repeatable method for upper airway inflammation, which 
has become increasingly valuable in the field of rhinology 
in recent years [27]. Frendø et al. [28] found that in patients 
with CRSwNP, nNO levels were significantly lower than 
those in the controls. A meta-analysis by Ambrosino et al. 
[29] also revealed that compared with healthy controls, 
CRSwNP patients showed significantly lower nNO levels. 
Similar to previous research, our results also showed that 
patients with CRSwNP had lower nNO levels compared 
with the healthy controls. The decrease in nNO levels was 
mainly caused by the occluded sinus ostia, which obstruct-
ed the ventilation of NO, and by decreased production of 
NO in the damaged nasal mucosa [30]. However, these 
previous studies did not perform the pathological typing of 
CRSwNP. In the present study, we found that nNO levels 
of patients with eCRSwNP were significantly higher com-
pared with those of the patients with non-eCRSwNP. 
Compared with those all other parameters assessed, the 
AUC for the nNO level was the highest, at 0.803, indicating 
that nNO levels are highly predictive for eCRSwNP diag-
nosis. ECRSwNP is driven by eosinophilic inflammation 
through the Th2 inflammatory response [31]. In patients 
with asthma, Th2 cytokines, including IL-4, IL-5, and IL-
13, can upregulate epithelial iNOS expression, which leads 
to increased NO concentrations [32]. Takeno et al.[33] re-
vealed that in patients with eCRSwNP, nasal epithelial cells 
produce higher NO levels via simultaneous expression of 
different NOS isoforms (iNOS and eNOS). This could also 
explain the elevated NO levels reported here. The increased 
levels of nNO reflected the persistence of mucosal eosino-
philic inflammation. However, Yoshida et al. [34] found 
that the preoperative nNO levels in the eCRSwNP group 
(n = 25) were significantly lower than those in the non-
eCRSwNP group (n = 45) (42.3 ± 6.9 vs. 60.8 ± 5.2 ppb). 
The following points might explain the conflicting results. 
First, The NO analyzer we used was different from the one 
they used. Instrument differences can have a significant 
impact on nNO values. Second, we found that the average 
age of eCRSwNP patients in Yoshida’s study was higher 
than that in our study (54.8 ± 2.9 vs. 39.3 ± 12.7). Previous 
studies have shown that age is an important factor affecting 
nNO levels. Third, the disease severity of patients with 
eCRSwNP may not be consistent across studies. This 
means that differences in NO production and ventilation 
status of the paranasal sinuses between the 2 studies may 
lead to different results. We also compared the 2 subgroups 
with the control group, separately. The nNO levels in the 

eCRSwNP group and the control group were not statisti-
cally different, while nNO levels were significantly lower in 
the non-eCRSwNP group than in the control group. In the 
patients with eCRSwNP, there is both obstructed sinus 
ventilation and enhanced NO production in the paranasal 
sinus mucosa, which might result in the lack of change in 
nNO levels. Combining the deductions from previous 
studies with our results, we hypothesized that the mea-
sured nNO levels reflect both the actual NO production 
and the ventilation status in the paranasal sinuses. In-
creased inflammation and obstruction of sinus ostium 
might lead to initial increase in nNO levels, followed by a 
reduction. Clearly, further studies are required to deter-
mine the changes in nNO levels in patients with eCRSwNP.

In addition, as a marker of eCRSwNP, blood eosino-
phil counts might also be used. The peripheral blood eo-
sinophil count has been shown to be positively related to 
tissue infiltrating eosinophils [35–37]. Hu et al. [38] 
found that when the blood EOS count was ≥0.215 × 109/L, 
the sensitivity of diagnosing eCRSwNP was 74.2% and the 
specificity was 86.5%. We observed that in the diagnosis 
of eCRSwNP, peripheral blood eosinophil counts showed 
moderate accuracy. However, patients’ peripheral blood 
eosinophil counts may be affected by various factors, in-
cluding parasitic infections, allergies, autoimmune dis-
eases, or adverse reactions to drugs [39]. Therefore, the 
predictive effect of blood eosinophil count on the diagno-
sis of eCRSwNP requires further study.

Our results indicated that the specificity of total serum 
IgE to distinguish the 2 subtypes of CRSwNP was the 
highest (91.3%), while the sensitivity of total IgE in this 
study was 58.3%. It was likely that the observed lower sen-
sitivity and higher specificity of total IgE reflected the 
higher optimal cutoff point for total IgE employed in the 
present study. Similar to our research, Kambara et al. [40] 
showed that total IgE levels in patients with non-CRSwNP 
were significantly lower than those in patients with 
eCRSwNP. However, Ho et al. [41] demonstrated that  
total serum IgE had no significant association with 
eCRSwNP. The heterogeneous patient populations might 
partly account for the differences among the studies.

Researchers have attempted to identify a specific cyto-
kine as an effective biomarker of eCRSwNP. In this respect, 
IL-5 in sinus mucosa has been proven to play a key role in 
the pathogenic mechanism of CRSwNP [42]. However, sim-
ilar to the detection of tissue eosinophils, the clinical appli-
cation of tissue cytokine detection is often subject to various 
restrictions. In the clinical setting, determination of plasma 
cytokines is relatively cost-effective and readily available. 
Therefore, we wanted to identify potential biomarkers of 
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eCRSwNP using blood cytokine measurements. The results 
of the present study showed no significant difference in the 
Th1/Th2 cytokine levels in the peripheral blood of the 2 sub-
types, and the average levels were within the normal refer-
ence range. This result suggested that plasma cytokine levels 
in patients with CRSwNP were insufficient to reflect the in-
flammatory characteristics of sinus mucosa.

Previous studies have shown that a CT scan might help 
in the early diagnosis of chronic sinusitis [43, 44]. The CT 
scans of patients with eCRSwNP showed lesions predom-
inantly in the ethmoid sinuses [43]. Meng et al. [45] sug-
gested that an E/M ratio >2.59 demonstrated 94.2% sen-
sitivity and 89.6% specificity for the diagnosis of 
eCRSwNP. In our study, the specificity and sensitivity of 
the E/M ratio were not high. The CT scores depended 
mainly on the subjective experience of the doctor, and 
patients’ disease severity was not consistent across stud-
ies, which might partially explain the observed differenc-
es. However, imaging methods reflect morphological 
changes and did not demonstrate the pathophysiological 
process of polyps and the characteristics of inflammation 
in patients with eCRSwNP. Some patients might not 
show typical changes early in the disease process.

Another study showed that, in the diagnosis of  
eCRSwNP, a combined model consisting of several predic-
tive indicators was superior to a single predictor model [46]. 
In this research, 2 combination predictor models were used. 
Model 1 had an AUC of 0.878, which was very accurate to 
predict eCRSwNP compared with nNO alone. This research 
showed that a predictive model comprising nNO levels, clin-
ical features, imaging, and blood tests could help otolaryn-
gologists accurately identify patients with eCRSwNP.

In summary, in the present study, patients with 
eCRSwNP were characterized clinically by high nNO levels, 
high peripheral eosinophil count and percentage, high total 
IgE, ethmoid sinus-dominant opacification on CT scans, 
and comorbid asthma. Currently, there is no consensus 
concerning the method and instruments for measuring 
nNO. We believe that nNO measurement is an objective, 
effective, convenient, and noninvasive solution for the ac-
curate typing of CRSwNP. However, the present study was 
limited by its small sample size; therefore, a larger-scale 
multi-center study should be performed in the future.

Conclusion

This study shows that the detection of nNO is the most 
useful single test for early diagnosis of eCRSwNP before 
mucosal biopsy. In addition, we demonstrate that a pre-

dictive model comprising nNO levels, clinical features, 
imaging, and blood tests could help otolaryngologists ac-
curately identify patients with eCRSwNP. However, a 
large-scale multi-center study is required to determine 
the changes in nNO levels in patients with CRSwNP.
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